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(54) FUEL INJECTION DEVICE 

(57) Abstract 

PROBLEM TO BE SOLVED: To obtain a fuel Injection 
device which can inject fuel by an ultra-high injection 
pressure, can realize good combustion and exhaust 
characteristics, and can inject the fuel in an arbitrary 
fuel injection pattern. 

SOLUTION: In the fuel injection device 30, a protrusion 
61 is provided at a distal end of a piston control valve 
60 provided at an tntensifier 54. A substantial opening 
area of a fuel channel 57 to a cylinder 56 can be 
changed In association with movement of the valve 60, 
and an amount of flowing fuel oil into the cylinder 56 
by the valve 60 can be controlled (orifice^»ntroUed). 
Thus, an injection ratio/injection pressure of the fuel 
injected from a fuel injection nozzle 34 can be 
controlled, and a fuel injection pattern having very 
high degree of freedoms can be realized. 
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^yX;V3 4 0 — — K;V#4 8 V "7 h -f- a - t V"? ZL t i> $> ^ -> §§58 

[0 0 9 63 
[0 0 9 7 ] 

— jftfi&K. — tf;H&4ftTM±. 1218 (A) K^1-$p<. «M4i?ftlt**ra$&5tL-r 
^ u-;W > 9 Jx.f iwi*ffi^ijlM^<^*#^t±. BUfB*^catL^^^t"#- 

[0 0 9 8] 

i^LCWU W^l30Ciot, EI8 (B) K^WOK. ^RtM^SrPPfiUL. 
[0 0 9 9] 

>HH^L, $«A«l^t3 0 HioT, gl 9 (B) K^-T&K. *J*8l*tt**£*tfPftUL 

Z&tJ-eftfrfrZo Lri>U ^EIK»w»±-€-tt-rtLOi!ftlt^*a'5:JE^I****o »^-p»M77 
[0100] 
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[0101] 
[0102] 

^tc^c-c. — fl£#u-> rtr^h>«««i#J o^fcu-ctt, 110 (A) J^liil 
0 (B) Ka^in < > W-WM. : f&&v>*><vi)*%[t>ixX£> *) , *<Djftbm&&WrTBm*'*fl'-7' 

[0 10 3] 

SM-#oT*SM«l&5 7 0®W=S:^SE-r^^lj^6 1. «M4aEtt 5 7 (t'j7-f 

*) KE&tffc?* h >«U«I#6 0 ^2^6 1 «rtfc»7\ h >ftll«l#6 OO&SbM: OJ 

n^«raTOror«e*iiBJ **fltu^flijs (Mil, *'J7^«hp) -c*^»o 

[0 10 4] 

it, mm mm 6 u <?)i^£«**rat-i£7E-f &-tK<t *k tf* h >-«!»# 6 oo» 
»s CJ7M) \,zn-$-2>m&ms&5 7 <Dmm(Dmt*&&^mfc-rz>z- t^i* 0 - 

\,z* *) s m&x § M^jt5v>^i»*t^N-^ - >- zmM-e § &o 

[0 10 5] 

^y^i/^i/- hfflSt-i3Jt*«BfBI»of£5£fflf£fcv^ iticjfc* (^^7->- hffl&Kistf 
[0 10 6] 

) Kx^xmm-^M-r^m^, v^mm^e om:*>ifEE&5 4<5o-> i ; >-^5 6^ 

ffltA$tL&*R3R-ffi* (iftJEif 5 4 <DVm&, i-**?*>3*>V-^BE) <t *> «*»fc*v»ljt 

fcj&*-Ct**fcv»3fcIjZ.*: i #fco -g-^-C. £3>J:}fc»£-K*5V»-CH\ HI 1 lK*ftAK-CK 
< , If* h ZsfflWft 6 0 <DmW)S: (V7M) K**1-£BMtS§ 5 7 <^M«<75B8# 
^<Jr V^SjSBt (/J> V 7 > ti 5 7 <DWM<D"m.\WPtii < * t 

tiittioT, y -yfemft 6 o o»s6* cnn) <^Kjea«'iis^e>^>^^x 

Zi:^U ^i«t:i5v^liXHY-ei) Y<Z) 0 IfeW-TtU*, 

'siEKMa^bf h >$fj^]#6 ocommm (V7H) <aai8teo*Bri*i2;a**£i:K 
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-is a VM\<*o tfx — ->a >»4. ;^7*->- hfc&TI&^i-* 7^*6. 

[0 10 7] 

^6 1J OJ^tKfciSHZH-iajtU ^hv«iai#6 0^l(ii (V7M) 7$^&v*B# 
Mm) i *> *3EJ-/h$ < 4- 3 & 0 L/i^o-c. £*Ui4 «9 mTiEv-- YUm 

[0108] 

121 12 (A) RZfmi 2 (B) Kit, ^h>W«^6 0^»i (V7bf) 

t&z&e 1 1- j: zm®-m&ffim£<oM$k<omfcm-t)*jF-£ixx^2>o ^-m^^v^-c. irbi4 
(a) <7>^Atc{i N t?* h>$ij^j^6 o wmm CJ7b). k*^«M4ao»5 7o®m^ ? rt 

^^.H^fc-r^lS^Mtr^U-C^D, mi 2 (B) o»Ct:ii, n^b>SM6 0«f 

>«Uv^^ h v«Uffil# 6 0 <D&W}*DMv>MWffi.m 5 7 <a®«d*. ^^7*y- hfIS 
^•Ci) „ £*Lte.fc«K mm^xYisBmfr6 0 ZftM2^?zm£x$>'DXi>3rT'\S7 — 

3 ) if EES 5 4 <Dj^\d* h^58fi0cO'>';v^56 ^*4><6« (/MHt) 

0H*^)iSC«4M*»»t'3 0^tt> 7 (*'J7^) KHStrJ: 

9 Ktf* h 6 0 Kg&36 1 *l5fc»tfe«Jffi-C*>*?t*. ±!EE#i5 4©*S^ h > 

5 SfiijOi^ 1 ; (BJ2Kj3V*t\ h > 5 8_h;frK5£j£;S*L*£M*) * 

.(/hffiKfc) ticitmio 
[0 1 0 9 J 

IMS T2) /Ol^?/- bg|56D»A^l6]JtJ k-cieirl*:*b< , ^h>|ip#6 0^ 

^5 eS^rtOEE^-t^^iBHft^*^*^*^^****" e ^ ^^^^6 OiC 

ISlt/c^fe6 1 Hi o -Ci»'> W / 5 6 $»«rfi«t * ^ t I * ^^7*v- 

4) NOz, ^^<7)-f&M. ^t^tB^ft 
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*m i <omM<oi&i&K%ztimi**t&w: 3 0 -en, utrafc l^$p < e * v ^w«# 6 0 
h zsmmft 6 o t 5 2 ^i&^fMMfcf&utPi-* -tt ce* h >fw^P# 6 0 

[0 110] 

miz (a) \zm-$-im<. \? ? *?n-t*&&.5 4 ofcf* h > 5 siugj o 

* > v^w^e 0 t"c*nra.D-c*ofefc ttt, in 1 3 (b) & 
*t 1 ^mfc^^n^**?* h >mmft6 ox-it, [&m6 u *>jg#*r3a£jKt£^-r* 

>r fcT^ 9 >2^K*j-LT*&|6|-aE&5 7o§3P®»rt s ^^H;±iini-&#1£Ki&^-ei;£ 

o z<Dtztt>, mi3 (o t*»AtcT^i-»i<s mm<o? ^^^n^n-r^m&ms a<d 

[0111] 

MWf 5 2M$^ll HI 1 3 (D) KSuuc-c^-t-fci < , &j$ig|*^&®ML-c 

*&ftpRt* i t^ ? -e§. no x&cflw i ^>o mx-tf 

[0112] 
[0113] 

!Zk±UW LfcjP < „ 2jc» 1 vmMVl&MK&ZM&mttmW: 3 0 TJi, tfcJfeKJfc^-C^ta 
[0 1 1 4] 

m 1 4 1-{±. ^f&gg^>^2 <Dmm^m^m^mnmHmm 7 0 o^Ma-oaus**^ 

[0 115] 

6 0^||i:#oty'JV^5 6 W*RJH-SIU» 5 7 <a^|fr»fcMinMSt*2E3ei~* 
§£fl£fi£-e£>& 0 CH»cJ:»). > >mmft6 OKX 6 ft^ffiXXtiZM 

[0 116] 

£ 0*M4Pj|&i«tt 7 OK^wOi. HI1 5 (A) %.V*mi 5 (B) Ktf^JP < . iiEEf?5 
4T^O^^JE^jO_h#^ s B^F^t^tCiiJn-r^#14^i£3e-t"'5) it^li, L*:3 s o 
f at^:* 1 ©^ftoM»:#4«ft*»SEl3 0 i[W)*H-, ^«lt^X;v3 4^ 
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Q 

[0117] 

MPt^gf 8 0tli:, ^b>ifil#6 0i:-3V>T, ifJEESf 5 4 <D/i^M<D Y > 5 

tf&WLX o 

[0 118] 

«> U > 5 6 0«Effii*1W«I-r * * "5 KflMS U -*U=.fc »9> ^Rtlt^ X;v 3 4 3- 
[0119] 

ts^-fsc t^-ei^ RlfcofEJB • 8&* 

in 1 7 ici±. ^w^m* <Dntk<DMm^^m^mMmm9 o 

[0 1 2 0 3 . 

i*9 2;&U r oTKj:*- , J -7^* 9 4 7& s lStt^tL"CV>^> 0 iO056*'J7-f ^9 2 1^ fcT* b 
^*«tlt6 0^iI6 3i:IlUV»4. ifc. WJ7^94li, HJfe*';:^* 
9 2 onJSt'fi^ ^oTliLT|£ltf>tLti3 ») „ L^*>, $|it*ittBS* , J7 
^92 fc<^S^a^"V^^m$^^fl|fifi;i:^o-Cv^o £<bK> nWS*V 7^9414 

[0121] 

v > SIE&^-lfc^fftJEjWffi $ iT-fe^mi* 'J7^94 **^» Zti&o -tti:i 19 , oj 

3TW * IS □ ffiWrtTOE $ o 
[0122] 

@18 (A) OT18 (B) ^-r$P<. Rr»*U7-f^9 4«7>^»I*ti, 
[0 1 2 3] 

9 2 2S.tfRTl&^-U 7^*9 4 ^^c^^vv^v^Vt-^- 9 e^lcfcaRTSb*'; 
^^^9 4 <D®WjmBt&*%tfe^&V\S, --K;v#4 8**Mifc$tfC«y|BH3ttt3ft**tr 
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[0 12 5] 

i^j;^:, m&v^M^W: 9 0 t'iov^r mfizE U 7^r ^ 1 <Dmt&<vMWJz<m2>M%\-mM'& 
S3 0 fclWMtl-. Belfry 3 4^<bPt*f^^^,^2|-OPftM^^«^^^i-^-^ 

[0 12 6] 

cm 5 <D'$m<Dj&m 

mi 9^t±. ^^^^so^i&^^^^^pttt^si o oc^^j£^s*vr 

[0127] 

iH-Ptlfgf 1 0 0-Cf±^ fcf* > VfiflJfPefr 6 0 ^l£tf£>tL&¥JES?3 2^<b<^f&E&6 4 1' 
rrL«M#StLT<7)lE^l 0 2^i£tfbtLTV^ 0 
[0 12 8] 

[0129] 

>©j:^^ ^2j.ptM^«l 0 0 Ki3v>-T&. m^L/c^l ^^M^^^^^^W 
[0130] ^ 

Hfr^<^$n < Hffiff i o 2 £^i±f?3 2^<boMJ^6 4 Kifctf-cv; 6— cob 
^hv5 8 ir^is u-cfstt (-> y > ^ 5 6 & h (D-mw^ta^^n^) > -> v > r 5 6 n 

1212 ot' 6 JMW^t 1 l o^ftffil&tfTFZtLX 

[0 1 3 1 3 , „ 

i^MftltSil 1 0-Cti. tf^ h vmU^^ 6 0^i£tt^tt^±i£E§?5 4<^)yr//5 
6KlL m&Wm^&t LTco^ffip^l 1 2^|£tt<btL-Cv^ 0 £<7}^/£H3^1 l 
2 ±iJEt?5 4 (D^Mltf* h ^ 5 8W<V*sV 6 t'j7^1 14 Sr^LT^ 

^$k-cis . bf^. h >um& 6 o <7>ikvmn\z*y u>^5 6 tfcffitr* h > 5 8« f*i 

[0132] 

) ^ffi^ ^v>t, mm^xv> mm ft e 0 $ ^/:isf m * tr — -> 3 > 

[0133] 

cco^, BMtltMl 1 o-ei±, £tffiH^#l 1 2 K«to-Ci#]£S?5 4<Djz&^X bv 
5 81BflV->V 6ft<Dj±jjZ, :*:KflE£ THg;T£-« - £ & < > /^flEl-lt^'^ * 

°[0 1 3 4] 
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^114 ^Ltv'J >^5 6 i:^L^ii (*'; ^ 1 1 4 0T«Effi!lK$ajEfHSSE 
#1 1 2 fcEfltLrtrflUS) L/:#, £*LfcRfci\ t'J7^1 1 4 co±mm 
«#1 1 2 *SB«Lrt:«j£fc LT^ 
[0 13 5] 

E^WflMtk"*-* fc*»w«JEPaE#l 1 2 «rbf^ h>i»#6 0 k Ii33ti£ LT^f 

k L/c**. £*u::IS<=>i% »JEfS«#l 1 2 h V«U«I#6 0 fc— fWkb^rfltJft, "f 

[0 13 6] 

0 (iUl 6) fclTO©fl*j£T**J&*, *IJEf?5 4?>->V 6 k If* h VffflfiP#6 0 k 

(DfHK, *V. -7 4* 1 2 2^tmjEM^l 2 4* t R»te.*ifc*lSi:4oTv^o 
j; K). fcT;* h >1W«l#6 0 (4 5/'j 6 F*3 <7?^*^-M =£r »fE £ k KJ: t?-* > > 5 

8 ZmW^mtX, ]±33&%Tft4 0 <fc *) &Tffifi!<aj^ffi:&*i**Ha:Li&*C:ktf*-C§&k 

jbetj ^m^&yj KP*Ei- & £ k § & 0 

[0 13 7] 

£ 0*5MW*i*« 12 0 "C{i> £tfiEH&# 12 4 K X oti|Ei5 4^y'J>/5 6 F*I<£> 

j±tj£> ^jees -cist k& < . mfcE.Kmnx£z>tzib m&*i&<&-t2>tz& 

[0 13 8] 

fci5. ^»«S7«^^o^S8tc«J6«mi!RjM-$g«i 2 o-ctf, 5£JEt»#l 2 4 £±i§J±^ 
5 4©v'J>^5 6t^> >*0«I# 6 0k (feT;* h 6 0 <DJi 

»fltcgljOM&Fl 2 4 *EttLfc*Jft) k L*=^\ rfLlcPS'b-r. h >*U»#6 0 
^T»t^Ell* 12 4 *E« L;fc*lJ» k <> i v>„ 
[0139] 

7 0^»0^18l^iift*S^t 1 2 0-eti. 2ftJEWS£#l 2 4**'J7 
^122 £^L"C->'; 6 (*'J7^12 2 OT«E«l^»ffiWSS 

#12 4 ^lEILfcilt) k L^>6 ? . d*Uc|&<bi*x t'J7^1 2 2 <£>_LsSEiHJ 
SE#1 2 4 4ietL«t LTfc 
[0 14 0] 

$ fc % 7 O^JfeO^JK^*B3H-Pftl*^e 1 2 0 "C»i> tT^ b ^ftfflft 6 0 £ — 
ftJ&^m&t-rzt&iznEM&ftl 2 4 £H°* h >*U«l#6 0 kJ±3aitUTtS:»tSfflf- 
J&k Lfe*», CL*UC|&*>-r> 5£EEIi3l#l 2 4 *fcf* h >IWfll#6 0 k— *MfcL 

[0141] 

Cl^imSf 1 3 OTIi, ^l^tWClli-Ct^ h>ftm&6 0 =SrPaC.TiiJEfl 
[0142] 
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*»JBE#»V-.fl'l 3 2K»i. r/M3 4^^^4 J Et^7^* , >/l 3 6 TkXP~7 -f — K 
*°>:/l 3 8 *tiit^f^fc^oTv^ 0 pfJE^ilv-;n 3 2 Kl±> EETjli^ 

# 1 4 0 e>*L-0>*o £<bK. itfJBES 5 40i/'J>/5 6i:tV7^1 4 3 £t> 

U-C««S$fL^»EEW*fe#l 4 2f±> tfJE*iiV-^l 3 2 KgMt£*ut*#fi5;fc 4otv> 

[0 14 3] 

£<ajj&ti-0ttt&ttl 3 O-Cti. i#JE£?5 4 <Z> ~> U > 5 6 ^ <b^m $ tL^^JEB^-*^ 
BBifci-SO-C»±Jflr<. ^Elt#l 4 2 *^tt^E*lV-^ 1 3 2 t:R$fL, 

[0144] 

JE#WJSE#l 4 oo^«*ftttfc«j£*>#**ffi*iiv--*' l 3 2 K|£*t*-kK 

KPSEi" 4 i § , l*JW-> * 7" A c7)$js£ & $ K — UTS * * i fc § * o 

[0145] 

Sfc. ^8C0^iiom g J^^B^l-l«*f^« 1 3 OTMi, ^Ell^l 4 2*fS:»*fc£k 
tciot, ±iJEf?5 4©y'J 6F^t4«JE*iSV-^ 1 3 2 OK 3* 

g^^uh^tiS^ — 3u ^JEP^# 1 4 2 *f*UT«jfit* - t i> oIfg-C^)^> 

[0146] 

3 2 cojE^jnJSD-c«0«i-* i k&-c.£, mM^^T J*<D$hm* £ te— mm>&2> 

[0 14 7] 

SfctC i2 2t:/7tMi:^^t(±, ^JEH^# 1 4 2 *i«M<z>#>f > S> a ^ *feKE* 
[0 14 8] 

0 SimElI^ 14 2**. ±iffii? 5 4 ^ifloe^ h V 5 8 fc***S LTtt»t & *xfcfl* 

^i-fH 7 oHJSo^se^^^^iSM^S 1 2 0 ojp-< . iiJEff 5 4 <da^U<d\£^ y > 

5 8 fc**JoLTtE«\ ->»; 6l*IO«M4rt&*aEai$-**ii:iwJ:>J b>58*^ 

[* 9 (omM^^m 

m 2 3 13 |± v ^B^(D^9 0^M^m-JC#^^P»M^«l 5 0^#«^?tLT 
[0 14 9] 

0 traaioflijftT*** 8 . mfB^-f - 3 8 i:«a$*L4f7 p 7'f*> , /i 5 2 

£r-€-<D£ i^EEf? (ntv ^ — >W 3 2 K^$cU7tfl£j£-T?£> v5>o 
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[0150] 

"Tttt>%.. V-Zf?* 5 2ti. 1 3 4 (7-f- K#>n 3 8) frhomZ. 

^fc&JE^KflnffiLT^E^ill'-*' 1 3 2 4r^~f *^k& (a* 
>-V-;v) 3 2^jJ&i-*»^**o 
[0151] 

:«»gfl 5 OKfev>Tt, ML/:i 8 1 3 

[0152] . 

ftU«]#6 0 ^H^fSOi^i LtU^o 
[0 15 3] 

[ei 2 ] *&m<om 1 ^iiM^^i'^^^pt^e^^^^^i 21 ^*^ 0 
[ni3] (a) w\ *&m<Dm 1 o^<^»u=«*^i*i«ieiik*5»** b >mm 
ft<n&mm:bm&wm<Dttj&m&z?F-rmm~?$>t) „ (b) *ft9§©*io«*^ 
n k« * k * »* * iiiEfff^Ki n# m t m^be^ o*hsh« * 

[m 5 ] ^^m<Dm 1 wniwf ic^^twitgf i: i ^ tMiMt ^-nts 
[m 6 ] *§&w<nm 1 <DmM<oj<m k& & mnmMmm k * o xm&ms&mm * &w-r *> 

[0 7] *&W<vm l ©m^fl^Sl^tltSfi: icTMffiKIf^^Iti 

[in9] &5&m<z>n'i <7)nM<vfcMK&zM&m.MmmK£^x&t&ait)^<D%}Mz& 

5&ti£&LX7Flrmmx$>2> 0 
[HIl 0] h v*Mip#ofl*j£*75^BrBei:C**o 

[min &§zm<Dm 1 o^jfeo^ssi^**^*^*^^^* h 

[HI 1 2] *$£W<vm 1 o^Jfio^3S»w^i«M^i«ftJltMlcfe»t* h ^Umft^W) 
[HIl 3] *^<^»l^i60^3R^*^i»*tM^*v»-ctr^ h>«HSP#ki!ftf* 

[HIl 4] *«i©»2 oW3^Sii:«4«l«it81©±5W1»SB|-P*4. 

[mi 5] (a) »4, **wo*2w*ifto^a^«*^iittt««^*tt*tr^ >>w 
mx&z> 0 
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[mi 8] (a) *5£w<7>m4: (DmM^mzmzmm-mtt^mz&tfz^y'i'^® 

°[iui 9] ^^m<Dm5<D^m^MK^^m^mMmm<D^m^.mx^^o 
m 2 o ] *%>m<vm 6 ^^M^^s^^^w^s^^m^nitr^^o 

[HI 2 1] ^^0^7<D^k<75B^^#^B*l-i«*t^S<7)^^l21^*^o 
[HI 2 2] ^0^O^8O^JfeC>^^^B^l-Pftit^eo^:mt^llI-e^^>o 

[in 2 3] ^^<^>^9 comm<D=mm^^mm-mMmm<D^mm.mx-$>^ 0 

[HI2 4] t£$fe(^3|s|.pft|*3£^^ 
^itJE^T^<BO<^ff^l^>^t^^*^i"^.HI"^*^o _ 

[in 2 5] M^mM*mft2fr?zm&^&&TmwcDftt ^mtf^mt^m^^-rm 

2 4 (B) lZttfi>~$~2>ffi-M-C$>2>o 

3 o mm-mMmm 
3 2 #mt? 

34 mnmrny^^ 

3 6 

3 8 mmn&^^y 

4 o m^iir^- • 

4 2 PtMIJ^fflft&m 
4 6 3"7V K tfj* h > 

4 s — - K;v# 

5 2 PftHijlJ^# 
5 4 iiffifl 

5 6 ~> U > ^ 
5 7 M^mSS 
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(54) FUEL INJECTION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a fuel 
injection device which can inject fuel by an ultra-high 
injection pressure, can realize good combustion and 
exhaust characteristics, and can inject the fuel in an 
arbitrary fuel injection pattern. 
SOLUTION: In the fuel injection device 30, a 
protrusion 61 is provided at a distal end of a piston 
control valve 60 provided at an intensifier 54. A 
substantial opening area of a fuel channel 57 to a 
cylinder 56 can be changed in association with 
movement of the valve 60, and an amount of flowing 
fuel oil into the cylinder 56 by the valve 60 can be 
controlled (orifice-controlled). Thus, an injection 
ratio/injection pressure of the fuel injected from a fuel 
injection nozzle 34 can be controlled, and a fuel injection 
of freedoms can be realized. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 
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precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The pressure accumulator which makes a predetermined pressure the fuel oil which is opened for 
free passage through the main oilway by the reserve well in a fuel injection nozzle, and is fed from a 
fuel booster pump, and is accumulated, 

The pressure latching valve which is prepared in the middle of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, and intercepts the fuel pressure 
outflow from said fuel-injection-nozzle side to said pressure accumulator side, 

The oil sac for injection control which is open for free passage in the downstream from said pressure 
latching valve of said main oilway which opens said fuel injection nozzle and pressure accumulator 
for free passage, 

The injection control valve which it is prepared in said' oil sac for injection control, and makes the 
needle valve in said fuel injection nozzle stop by making fuel oil pressure act on said oil sac for 
injection control, and said needle valve is wide opened [ control valve ] by removing the fuel oil of 
said oil sac for injection control, and makes fuel injection carry out, 

The intensifier which is open for free passage to said oil sac for injection control in the downstream 
from said pressure latching valve of said main oilway which has a cylinder and a piston and opens 
said fuel injection nozzle and pressure accumulator for free passage, 

making the fuel from said pressure accumulator flow into said cylinder — or the piston control valve 
which moves the piston of said intensifier and makes the fuel pressure of the downstream increase 
rather than said pressure latching valve by making the fuel in said cylinder flow out, 
In preparation 

A flow rate modification means by which the flow rate of the fuel which flows or flows out into said 
cylinder by said piston control valve could be changed was established, 
The fuel injection equipment characterized by things. 
[Claim 2] 

Said flow rate modification means is a fuel injection equipment according to claim 1 characterized 
by what it is prepared in said piston control valve, and is considered as the projection which changes 
the area of said fuel passage of said cylinder with migration of said piston control valve. 
[Claim 3] 

Said flow rate modification means has the fixed orifice which is open for free passage to the oil sac 

of said piston control valve, the movable orifice from which a polymerization degree with said fixed 

orifice is changed by overlapping said fixed orifice and moving [ it is open for free passage, and ] to 

it, and the migration means to which said movable orifice is moved, 

The fuel injection equipment according to claim 1 characterized by things. 

[Claim 4] 

Said flow rate modification means is a fuel injection equipment according to claim 1 characterized 
by what is considered as the pressure governor formed in the inflow way or outflow way of a fuel 
into said cylinder. 
[Claim 5] 

A fuel injection equipment given in any 1 term of claim 1 characterized by what a residual-pressure 
adjustment means to adjust the pressure in said cylinder to a predetermined pressure at the time of 
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un-operating [ of said piston control valve ] was established for thru/or claim 4. 
[Claim 6] 

The pressure accumulator which makes a predetermined pressure the fuel oil which is opened for 
free passage through the main oilway by the reserve well in a fuel injection nozzle, and is fed from a 
fuel booster pump, and is accumulated, 

The pressure latching valve which is prepared in the middle of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, and intercepts the fuel pressure 
outflow from said fuel-injection-nozzle side to said pressure accumulator side, 
The oil sac for injection control which is open for free passage in the downstream from said pressure 
latching valve of said main oilway which opens said fuel injection nozzle and pressure accumulator 
for free passage, 

The injection control valve which it is prepared in said oil sac for injection control, and makes the 
needle valve in said fuel injection nozzle stop by making fuel oil pressure act on said oil sac for 
injection control, and said needle valve is wide opened [ control valve ] by removing the fuel oil of 
said oil sac for injection control, and makes fuel injection carry out, 

The intensifier which is open for free passage to said oil sac for injection control in the downstream 
from said pressure latching valve of said main oilway which has a cylinder and a piston and opens 
said fuel injection nozzle and pressure accumulator for free passage, 

making the fuel from said pressure accumulator flow into said cylinder or the piston control valve 
which moves the piston of said intensifier and makes the fuel pressure of the downstream increase 
rather than said pressure latching valve by making the fuel in said cylinder flow out, 
In preparation **************, 

A residual-pressure adjustment means to adjust the pressure in said cylinder to a predetermined 
pressure at the time of un-operating [ of said piston control valve ] was established, 
The fuel injection equipment characterized by things. 
[Claim 7] 

A fuel injection equipment given in any 1 term of claim 1 characterized by having a re-supply means 
for supplying again the fuel discharged out of said cylinder with migration of said piston at the time 
of actuation of said piston control valve to said fuel booster pump thru/or claim 6. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] 

This invention relates to the fuel-injection approach in the fuel injection equipment which injects the 

pressurized fuel oil from a fuel injection nozzle. 

[0002] 

[Description of the Prior Art] 

The fuel fed with the high-pressure feed pump is accumulated with a pressure accumulator (the so- 
called common rail), and the pressure accumulation-type (common rail type) fuel injection 
equipment which injects this fuel from a fuel injection nozzle in an engine cylinder to predetermined 
timing is known. 
[0003] 

In a such pressure accumulation-type fuel injection equipment, even if an engine rotational 
frequency becomes a low speed, predetermined fuel injection pressure is maintainable (fuel injection 
pressure not declining), It has greatly contributed to improvement in fuel consumption, or a high 
increase in power by the fuel injection by high pressure. 
[0004] 

By the way, to implementation (clean-izing of exhaust gas) of good emission, it is known that minor- 
diameter-izing of the nozzle injection tip in a fuel injection equipment is effective. However, on the 
other hand, with the injection pressure of a conventional pressure accumulation-type fuel injection 
equipment (common rail injection system), if a thing still smaller than the present injection aperture 
is used, since a fuel injection period will become long too much in a high engine speed and a heavy 
load field, it is surmised to a high increase in power that it is disadvantageous. 
[0005] 

Moreover, it is in the inclination for high rotational frequency-ization to be attained, by the small 
diesel power plant in recent years. Here, the air speed in an engine cylinder increases in proportion 
[ almost ] to an engine speed. Therefore, in the same injection pressure, at the time of a high 
rotational frequency, spraying becomes is easy to pass as compared with the time of a low rotational 
frequency, the air utilization rate in a cylinder falls, and it becomes easy to discharge a smoke (black 
smoke). Therefore, in order to improve this, the further high-pressure-ization of injection pressure is 
desired. However, in the conventional pressure accumulation-type fuel injection equipment 
(common rail injection system) like the above-mentioned, since it is the configuration which 
accumulates a regular predetermined pressure in a pressure accumulator (for example, the maximum 
injection pressure of the present common rail injection system is 130MPa extent), a limitation is 
from the point of the reinforcement of equipment to high-pressure-ize more than this (if it puts in 
another way, it is difficult to form an injection pressure into super-high injection pressure compared 
with the former). 
[0006] 

The fuel injection equipment which formed boost equipment further in the such pressure 
accumulation-type fuel injection equipment on the other hand is proposed (for example, JP,8- 
21332,A). 
[0007] 
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In the fuel injection equipment shown in said official report, the boost equipment which pressurizes 
further the pressurization fuel oil sent but from the pressure accumulator (common rail) according to 
an operation of the selector valve for piston actuation is formed. This boost equipment is equipped 
with the boost piston which consists of a major-diameter piston and a minor diameter piston, and two 
or more oilways which are open for free passage to the selector valve for piston actuation, and the 
fuel sent out from the fuel booster pump flows in boost equipment through the selector valve for 
piston actuation from a pressure accumulator, and is supplied to the oil sac for injection control 
further for injection nozzle control (injector control room), and a list at an injection nozzle. In case a 
fuel is injected, it has composition which carries out change control of the low voltage injection 
which sends and injects the fuel oil from a pressure accumulator to an injection nozzle directly (as it 
is) by the selector valve for fuel-injection control prepared in the oil sac for injection control, and the 
high-pressure injection which sends and injects the fuel oil further pressurized with boost equipment 
to an injection nozzle. Therefore, it can consider as the fuel-injection gestalt suitable for an engine 
operation situation. 
[0008] 

However, there was a fault which produces the following problems in this fuel injection equipment. 
[0009] 

That is, in said fuel injection equipment, since it is a configuration with fixed fuel inlet-port area 
from a pressure accumulator to the major-diameter piston side of an intensifier and fuel exit area by 
the side of the minor diameter piston of the intensifier which is open for free passage to the selector 
valve for piston actuation, the hours history of the fuel pressure when operating an intensifier is 
uniquely determined by the fuel pressure of a pressure accumulator. The example is shown in 
drawing 24 (A) and drawing 24 (B). If an axis of abscissa is expressed with time amount (second) as 
shown in drawing 24 (A), it will not depend for the hours history of the fuel pressure of an intensifier 
lower stream of a river on an engine speed. On the other hand, if an axis of abscissa is expressed 
with an engine crank angle as shown in drawing 24 (B), a pressure buildup will become slow, so that 
an engine speed is high. Therefore, especially in a heavy load, the fuel injection period in the base 
must be set up for a long time whenever [ crank angle ], so that an engine speed is high. Thus, it is an 
inhibition factor to a high increase in power that a fuel injection period becomes long too much, and 
it is not desirable. 
[0010] 

It is mentioned that make the fuel pressure of a pressure accumulator (common rail) increase, and a 
higher engine speed increases the force of acting on an intensifier, and makes the R/C of the fuel 
pressure of a boost piston lower stream of a river increase as the way method for avoiding this. 
However, in inside and a heavy load field, although the injection pressure of the Maine injection 
needs high pressure, a noise reduction and an exhaust air improvement are moreover aimed at at this 
time and pilot injection (carry out fuel injection before the Maine injection) or multi-injection (fuel 
injection of multiple times) is carried out, unlike the Maine injection pressure, generally, the 
optimum value of the injection pressure of this pilot injection is a pressure lower than it. In order to 
inject the reason at an early stage considerably from a compression top dead center, it is for the 
accomplishment force of injection becoming large too much, and making a cylinder liner side 
produce fuel adhesion according to the air temperature in a cylinder and a consistency being low, 
when injection pressure is set up too much highly. However, since it is necessary to heighten the fuel 
pressure (fuel pressure of a pressure accumulator) made to act on the major-diameter piston of an 
intensifier in order to generate high injection pressure in a high engine-speed field in said proposed 
fuel injection equipment, the injection pressure at the time of the pilot injection which injects the fuel 
for a pressure accumulator as it is becomes higher than an optimum value too much, and fuel 
adhesion in a cylinder liner side is not avoided, but become unburnt [ HC ] or a smoked generation 
factor is guessed. 
[0011] 

If it sets up so that the boost piston down-stream pressure at the time of the pilot injection (fuel 
pressure of a pressure accumulator) which was suitable at the time of a high engine speed, and 
intensifier actuation may be obtained on the other hand (the fuel path for example, by the side of a 
boost piston major diameter is expanded), at the time of a low engine speed, the rise of the fuel 
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pressure of the boost piston lower stream of a river in the crank angle base at the time of intensifier 
actuation will become steep. By this, an initial injection rate becomes high too much, a premixed 
combustion rate increases, and NOx and the noise get worse. If the fuel pressure of the pressure 
accumulator at the time of a low engine speed is reduced and it is made for the initial injection rate 
of the Maine injection to become suitable in order to avoid this, the atomization condition of the pilot 
injection injected with the fuel pressure of a pressure accumulator will get worse, and it will lead to 
generating of a smoke. 
[0012] 

On the other hand, if it is made the property which the fuel pressure R/C of the boost piston lower 
stream of a river at the time of intensifier actuation increases with time amount as shown in drawing 
25 , the Maine injection can also secure high fuel pressure (fuel pressure of a boost piston lower 
stream of a river) in a high engine speed and the condition of having set it as the fuel pressure (fuel 
pressure of a pressure accumulator) of the optimal pilot injection at the time of a heavy load. 
Although this enabled it to realize low NOx, the low noise, and a high power engine since the above 
troubles were solvable, such a setup was not completed in the former. 
[0013] 

In addition, the fuel injection equipment equipped with boost equipment is proposed (DE 
19939428A1). However, this fuel injection equipment has a practical technical problem in 
improvement in improvement in injection pressure setting precision, the endurance of the nozzle 
sheet section, and dependability etc. 
[0014] 

[Problem(s) to be Solved by the Invention] 

It is the purpose for the highest injection pressure not to be uniquely determined by the fuel pressure 
of a pressure accumulator, and to be able to realize good combustion and an exhaust air property, 
while this invention can inject a fuel with sharply high super-high injection pressure in consideration 
of the above-mentioned fact compared with the former, and to obtain the fuel injection equipment 
which becomes possible [ performing fuel injection by the fuel-injection pattern of arbitration ] (the 
degree of freedom of the fUel-injection pattern based on the injection pressure and the injection rate 
of a fuel is expanded) moreover. 
[0015] 

[Means for Solving the Problem] 

The pressure accumulator which makes a predetermined pressure the fuel oil which the fuel injection 
equipment of invention concerning claim 1 is opened for free passage through the main oilway by 
the reserve well in a fuel injection nozzle, and is fed from a fuel booster pump, and is accumulated, 
The pressure latching valve which is prepared in the middle of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, and intercepts the fuel pressure 
outflow from said fuel-injection-nozzle side to said pressure accumulator side, The oil sac for 
injection control which is open for free passage in the downstream from said pressure latching valve 
of said main oilway which opens said fuel injection nozzle and pressure accumulator for free 
passage, It is prepared in said oil sac for injection control, and the needle valve in said fuel injection 
nozzle is made to stop by making fuel oil pressure act on said oil sac for injection control. The 
injection control valve which said needle valve is opened [ control valve ] wide and makes fuel 
injection carry out by removing the fuel oil of said oil sac for injection control, The intensifier which 
is open for free passage to said oil sac for injection control in the downstream from said pressure 
latching valve of said main oilway which has a cylinder and a piston and opens said fuel injection 
nozzle and pressure accumulator for free passage, The piston of said intensifier is moved by [ which 
make the fuel from said pressure accumulator flow into said cylinder ] making the fuel in a twist or 
said cylinder flow out especially. It is characterized by what it set to the fuel injection equipment 
equipped with the piston control valve which makes the fuel pressure of the downstream increase 
rather than said pressure latching valve, and a flow rate modification means by which the flow rate 
of the fuel which flows or flows out into said cylinder by said piston control valve could be changed 
was established for. 
[0016] 

In the fuel injection equipment according to claim 1, it has a pressure accumulator, a pressure 
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latching valve, the oil sac for injection control, the injection control valve, the intensifier, and the 
piston control valve. To an intensifier, the fuel (common rail pressure) from a pressure accumulator 
is supplied, and it boosts this. Moreover, to the fuel injection nozzle, a pressure accumulator 
injection system (common rail injector) is constituted by "a pressure accumulator, a pressure latching 
valve, the oil sac for injection control, and the injection control valve", and it has this pressure 
accumulator injection system and the composition that the intensifier has been arranged at 
juxtaposition here. If it puts in another way, an intensifier injection system (jerk injector) is 
constituted by "an intensifier, a piston control valve, the oil sac for injection control, and the 
injection control valve" to a fuel injection nozzle. 
[0017] 

In case a fuel is injected by the pressure accumulator injection system (common rail injector), an 
intensifier is made into a non-operative condition and the fuel oil from a pressure accumulator is 
further fed by the piston control valve through a pressure latching valve at the reserve well in a fuel 
injection nozzle. At this time, the fuel oil from a pressure accumulator is injected from a fuel 
injection nozzle directly (as it is) by removing the fuel oil of the oil sac for injection control by the 
injection control valve. 
[0018] 

On the other hand, in case a fuel is injected by the intensifier injection system (jerk injector), an 
intensifier is made into an operating state by the piston control valve. Then, the fuel oil further 
pressurized by the intensifier is fed by the reserve well in a fuel injection nozzle, and the oil sac for 
injection control. At this time, the fuel oil which the injection control valve boosted with said 
intensifier by removing the fuel oil of the oil sac for injection control is injected from a fuel injection 
nozzle. 
[0019] 

Thus, in the fuel injection equipment concerned, change control can be carried out and fuel injection 
of the low voltage injection which sends and injects the fuel oil from a pressure accumulator to a fuel 
injection nozzle as it is, and the high-pressure injection which sends and injects the fuel oil further 
pressurized with the intensifier to a fuel injection nozzle can be carried out. Therefore, the fuel 
injection equipment concerned does the following effectiveness so fundamentally. 
[0020] 

**1 The fuel (common rail pressure) from a pressure accumulator is supplied to an intensifier, and 
since this is boosted and injected, super-high injection pressure-ization exceeding the injection 
pressure by the conventional common rail injection system is realizable. Therefore, while being able 
to inject a fuel in a suitable fuel injection period at the time of a high engine speed and a heavy load 
and being able to attain improvement in the speed more, good combustion is attained and a high 
power engine can be realized by low emission. Moreover, it is possible to compensate reduction of 
the spraying accomplishment force by minor-diameter-izing of a diameter of nozzle hole by extra- 
high voltage-ization of injection pressure, and by this, since the oxygen of a combustion chamber is 
effectively utilizable, also in a high rotational frequency, smoked discharge can realize few good 
combustion conditions. Furthermore, since it is not necessary to always accumulate a super-high 
injection pressure, as compared with the conventional common rail injection system which always 
accumulates predetermined high injection pressure, it is advantageous from the point of the 
reinforcement of an injection system, and low cost-ization can also be attained. 
[0021] 

**2 Since it is the structure where a fliel is supplied from a pressure accumulator when the parallel 
arrangement of the intensifier is carried out to the pressure accumulator injection system (common 
rail injector) and down- stream fuel pressure becomes below common rail pressure from a pressure 
latching valve, when carrying out after injection after the Maine injection, a fuel is not injected with 
the low voltage below common rail pressure. The combustion facilitatory effect by the fuel by which 
the fuel itself by which after injection was carried out did not cause [ of a smoke ] generating, and 
after injection was carried out since after injection of the spraying of a good atomization condition 
was carried out by this carrying out disturbance of the burning space can be pulled out to the 
maximum extent. 
[0022] 
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Moreover, in inside and a heavy load field, although the injection pressure of the Maine injection 
needs high pressure, a noise reduction and an exhaust air improvement are moreover aimed at at this 
time and pilot injection (or multi-pilot injection) is carried out before the Maine injection, unlike the 
Maine injection pressure, generally, the optimum value of the injection pressure of this pilot 
injection is a pressure lower than it. Also in this case, since change control can be carried out and 
fuel injection of low voltage injection and the high-pressure injection can be carried out, the optimal 
injection pressure can be respectively set up by pilot injection and the Maine injection. 
[0023] 

Furthermore, things injected combining injection with common rail pressure and the injection which 
operated the intensifier free, such as injecting the early stages of injection with common rail 
pressure, operating an intensifier and carrying out high-pressure injection from the middle, or 
operating an intensifier in early stages of injection, carrying out high-pressure injection, suspending 
an intensifier in the middle, and injecting with common rail pressure, are possible. Thus, the degree 
of freedom of an injection pattern is large. 
[0024] 

**3 In the former, in case it prepared for the next injection after operating boost equipment and 
injecting, it was the cause by which there was possibility that cavitation will occur and erosion will 
arise in an oilway, and the endurance of a fuel-injection system got worse remarkably. On the other 
hand, in a fuel injection equipment according to claim 1, since it is the structure where a fuel is 
supplied from a common rail when the parallel arrangement of the intensifier is carried out to the 
pressure accumulator injection system (common rail injector) and down-stream fuel pressure 
becomes below common rail pressure from a pressure latching valve, fuel pressure does not become 
below the vapor pressure of a fuel, therefore, since there are no worries about the erosion of the 
oilway by cavitation generating, endurance is markedly alike and improves. 
[0025] 

**4 Since the parallel arrangement of the intensifier is carried out to the pressure accumulator 
injection system (common rail injector), where between a pressure accumulator and intensifies is 
intercepted, even if an intensifier breaks down, it can inject with common rail pressure. For this 
reason, an engine does not stop suddenly. 
[0026] 

Moreover, with the fuel injection equipment according to claim 1, a flow rate modification means by 
which the flow rate of the fuel which flows or flows out into a cylinder by the piston control valve 
can be changed is established here. Therefore, it faces carrying out fuel injection and it becomes 
possible to control the injection rate of the fuel injected from a fuel injection nozzle. 
[0027] 

That is, according to the fuel injection equipment concerned, if the inflow or the flow of a fuel into a 
cylinder is changed by the flow rate modification means, the passing speed of a piston will be 
changed and it will become possible to set the injection rate of the fuel injected from a fuel injection 
nozzle as arbitration. Therefore, a fuel-injection pattern with a very high degree of freedom is 
realizable. 
[0028] 

For example, when carrying out pilot injection, the Maine injection, and multi-injection that 
performs after injection, the rate of an after [ boot fuel-injection-period termination ] pressure 
buildup (theta 1), the highest injection pressure attainment direct total-pressure force R/C (theta 2), 
the rate of pressure drawdown at the time of the Maine injection termination (theta 3), etc. can be 
controlled freely to become the optimal fuel- injection pattern according to an engine speed or loaded 
condition (it sets up, or changes and carries out). 
[0029] 

Thus, in a fuel injection equipment according to claim 1, while being able to inject a fuel with 
sharply high super-high injection pressure compared with the former, the highest injection pressure 
is not uniquely determined by the fuel pressure of a pressure accumulator, and good combustion and 
an exhaust air property can be realized, and moreover, it becomes possible to perform fuel injection 
by the fuel-injection pattern of arbitration (the degree of freedom of the fuel-injection pattern based 
on the injection rate of a fuel is expanded). 
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[0030] 

In the fuel injection equipment according to claim 1, said flow rate modification means is formed in 
said piston control valve, and the fuel injection equipment of invention concerning claim 2 is 
characterized by what is considered as the projection which changes the area of said fuel passage of 
said cylinder with migration of said piston control valve. 
[0031] 

In a fuel injection equipment according to claim 2, if it faces carrying out fuel injection and a piston 
control valve is moved, the area of the fuel passage of a cylinder will be changed by projection 
according to the movement magnitude (the amount of lifts) of this piston control valve. If the fuel 
flow passage area of a cylinder is changed, the inflow or the flow of a fuel into a cylinder will be 
changed, the passing speed of a piston will be changed, and it will become possible to set the 
injection rate of the fuel injected from a fuel injection nozzle as arbitration. Therefore, a fuel- 
injection pattern with a very high degree of freedom is realizable. 
[0032] 

In case it will face carrying out fuel injection if it puts in another way, a needle valve will be wide 
opened if the configuration of a projection etc. is set up according to the optimal injection rate (for 
example, injection rate of the optimal pilot injection according to an engine speed or loaded 
condition, or the Maine injection) of the fuel injected from a fuel injection nozzle, and fuel injection 
is carried out, fuel injection can be carried out with said optimal injection rate. 
[0033] 

in addition, if in charge of controlling the fuel flow passage area of a cylinder by the projection 
prepared in the piston control valve (modification), it can be made a configuration (one by one — 
smoothly) from which the opening area of the passage concerned changes to the movement 
magnitude (the amount of lifts) of a piston control valve at a linear, for example, but it can also 
constitute so that the configuration of not only this but a projection may be made into two steps and 
the opening area of passage may change gradually. Moreover, it will become still more effective, if 
position control is performed so that migration (lift) of a piston control valve may be stopped on the 
way (in mid-position). In this case, it is realizable by performing position control using a piezo- 
electric element or a supermagnetostrictor. Furthermore, naturally it is also possible to perform 
position control with a solenoid valve. 
[0034] 

Moreover, as a valve format of a "piston control valve", the so-called raised- face format is known 
and, generally the effective passage cross sectional area is prescribed by the "valve-seat section" 
here. That is, the control valve of the raised- face format concerned is the configuration (the so-called 
sheet aspect product control) of adjusting the cross sectional area (substantial opening area) in the 
valve-seat section by controlling the amount of lifts of a bulb (movement magnitude). 
[0035] 

on the other hand, in a fuel injection equipment according to claim 2 The cross sectional area in the 
valve-seat section like the above-mentioned is adjusted (sheet aspect product control), the projection 
which changes the area of fuel passage with migration of a piston control valve — that is It is the 
configuration (the so-called orifice control) of having provided the "fuel flow-passage-area 
adjustable function" to change the area of fuel passage by preparing a projection in the piston control 
valve which attends fuel passage (orifice), and the location of a projection being changed according 
to the movement magnitude (the amount of lifts) of this piston control valve. 
[0036] 

Therefore, at the thing (sheet aspect product control) of a general configuration of adjusting the cross 
sectional area in the valve-seat section like the above-mentioned, the cross sectional area in the 
valve-seat section can set up change of the fuel flow passage area to the movement magnitude (the 
amount of lifts) of a piston control valve free by setting up various configurations of the above "a 
projection" suitably with a fuel injection equipment according to claim 2 to changing to a linear to 
the amount of lifts of a bulb (movement magnitude). This is enabled to set the injection rate of the 
fuel injected from a fuel injection nozzle as arbitration, and a fuel-injection pattern with a very high 
degree of freedom can be realized. 
[0037] 
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For this reason, the following characteristic outstanding effectiveness is done so in a fuel injection 
equipment according to claim 2. 

1) Improvement in injection pressure setting precision 

Like the above-mentioned, the cross sectional area in the valve-seat section is the configuration of 
changing to a linear, and the setting precision of the amount of lifts of a bulb will call it the setting 
precision of the cross sectional area in the valve-seat section to the amount of lifts of a bulb 
(movement magnitude) in the thing (sheet aspect product control) of a general configuration of 
adjusting the cross sectional area in the valve-seat section (it depends for the setting precision of the 
cross sectional area in the valve-seat section on the setting precision of the amount of lifts of a bulb 
uniquely). 
[0038] 

By simulation, in case these people do fuel injection by the intensifier injection system (jerk 
injector), here In injecting with injection pressure slightly higher than the fuel pressure (the working 
pressure of an intensifier, i.e., common rail pressure) which flows into the cylinder of an intensifier 
by the piston control valve, the way which made fuel inflow to the cylinder of an intensifier fewer 
than the inflow by disconnection of the bulb of said general configuration The knowledge that the 
setting precision of injection pressure could be raised was acquired. Then, in such a case, gap of the 
fuel flow passage area to gap from the setting desired value of the movement magnitude (the amount 
of lifts) of a piston control valve can be made small by, for example, considering relation of the fuel 
flow passage area to the movement magnitude (the amount of lifts) of a piston control valve as the 
configuration whose change of a fuel flow passage area decreases as the time of small movement 
magnitude (at the time of the amount of small lifts). If it puts in another way, the width of face of the 
desired value of the movement magnitude (the amount of lifts) of a piston control valve will spread 
to a fuel flow passage area to obtain, namely, even if the movement magnitude (the amount of lifts) 
of a piston control valve has shifted from setting desired value somewhat, the effect to a fuel flow 
passage area will become small. Therefore, the setting precision of injection pressure (fuel flow 
passage area of a piston control valve) can be raised. 

2) Improvement in the endurance of the valve-seat section 

In the thing (sheet aspect product control) of a general configuration of adjusting the cross sectional 
area in the valve-seat section, as mentioned above, the valve-seat section (the opening) becomes the 
minimum flow passage area. Here, in the thing of such a configuration, the bulb concerned of the 
pressure of the sheet section upstream is the working pressure (namely, common rail pressure) at the 
time (at the time [ A bulb the sheet section ] of taking a seat) of un-operating, and the sheet section 
downstream (piston major-diameter side of an intensifier) is atmospheric pressure. When the bulb 
concerned is operated from this condition and a fuel is made to flow into the piston major-diameter 
side (primary chamber of a cylinder) of an intensifier, it is the largest immediately after the 
differential pressure (sheet section upstream and downstream) before and behind the sheet section 
operated the bulb concerned (namely, "working pressure-atmospheric pressure"). Thus, when said 
differential pressure is large, it is easy to generate cavitation. Since it generates in the valve-seat 
section, the part concerned will corrode and this cavitation will cause a poor sheet. A such poor sheet 
is the serious and fatal problem which spoils the boost function of equipment. 
[0039] 

On the other hand, the configuration of "a projection" of said piston control valve is set up 
appropriately, and when there is little movement magnitude (the amount of lifts) of a piston control 
valve, a fuel flow passage area can consist of fuel injection equipments according to claim 2 so that 
it may become still smaller than the opening area (said minimum flow passage area) of the valve- seat 
section. Therefore, differential pressure (sheet section upstream and downstream) before and behind 
said sheet section can be made small by this, and generating of cavitation can be prevented even if it 
is immediately after operating the piston control valve concerned. For this reason, the member 
corrosion resulting from the cavitation generated in the valve-seat section can be prevented, and 
dependability and endurance improve sharply. 

3) Reduction of the cylinder capacity by the side of the major-diameter piston of an intensifier 
(miniaturization) 

In a fuel injection equipment according to claim 2, since it is the configuration of having prepared 
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the projection in the piston control valve as fuel passage (orifice) is attended, cylinder capacity by 

the side of the major-diameter piston of an intensifier can be reduced (miniaturization). 

[0040] 

If the cylinder capacity by the side of the major-diameter piston of an intensifier is large when there 
is little movement magnitude (the amount of lifts) of a piston control valve and it constitutes so that a 
fuel flow passage area may become very small as indicated above "2 Improvement in the endurance 
of the valve-seat section", the pressure buildup in the cylinder capacity concerned may become slow 
too much. Since the cylinder capacity concerned can be reduced by the projection prepared in this 
point and a piston control valve, even if it sets up a fuel flow passage area quite small for the 
cavitation prevention in the valve-seat section, the suitable pressure buildup in the cylinder capacity 
concerned can be obtained. 
[0041] 

The fuel injection equipment of invention concerning claim 3 is characterized by what said flow rate 
modification means has for the fixed orifice which is open for free passage to the oil sac of said 
piston control valve, the movable orifice from which a polymerization degree with said fixed orifice 
is changed by overlapping said fixed orifice and moving [ it is open for free passage, and ] to it, and 
the migration means to which said movable orifice is moved in the fuel injection equipment 
according to claim 1. 
[0042] 

In a fuel injection equipment according to claim 3, it faces carrying out fuel injection and a movable 
orifice is moved by the migration means. Thereby, the polymerization degree of a movable orifice 
and a fixed orifice is changed, and a substantial opening area of the orifice concerned is changed. 
Therefore, it becomes possible to set the injection rate of the fuel which the fuel pressure (the R/C) 
which flows or flows out into a cylinder is changed, and the passing speed of a piston is changed, 
and is injected by the piston control valve from a fuel injection nozzle as arbitration. 
[0043] 

If the configuration of a fixed orifice and a movable orifice, the passing speed by the migration 
means, etc. are set up according to the injection rate with the fuel optimal if it puts in another way 
injected from a fuel injection nozzle (for example, injection rate of the optimal pilot injection 
according to an engine speed or loaded condition, or the Maine injection), in case a needle valve is 
opened wide and fuel injection is carried out, fuel injection can be carried out with said optimal 
injection rate. Therefore, a fuel-injection pattern with a very high degree of freedom is realizable. 
[0044] 

In addition, for example, an engine centrifugal spark advancer can be applied and the oil pressure of 
the square of an engine speed can be made to be able to act as a migration means for moving a 
movable orifice, and it can constitute so that a movable orifice may be moved. Moreover, the 
relation of the effective opening area of the passage concerned to an engine speed can be set up free 
by setting up the configurations of a movable orifice and a fixed orifice suitably (for example, a 
rectangle, circular, a trapezoid, etc.), or changing the number. 
[0045] 

The fuel injection equipment of invention concerning claim 4 is characterized by what said flow rate 
modification means is made into the pressure governor formed in the inflow way or outflow way of a 
fuel into said cylinder for in the fuel injection equipment according to claim 1. 
[0046] 

In a fuel injection equipment according to claim 4, it faces carrying out fuel injection and the inflow 
pressure or outflow pressure of a fuel to a cylinder is changed by the pressure governor. Thereby, the 
passing speed of a piston is changed and it becomes possible to set the injection rate of the fuel 
injected from a fuel injection nozzle as arbitration. 
[0047] 

In case it will face carrying out fuel injection if it puts in another way, a needle valve will be wide 
opened if a pressure governor is adjusted according to the optimal injection rate (for example, 
injection rate of the optimal pilot injection according to an engine speed or loaded condition, or the 
Maine injection) of the fuel injected from a fuel injection nozzle, and fuel injection is carried out, 
fuel injection can be carried out with said optimal injection rate. Therefore, a fuel-injection pattern 
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with a very high degree of freedom is realizable. Since the working pressure of an intensifier (piston) 
and the fuel pressure of a pressure accumulator can be uniquely set up especially in this case, the 
injection pressure of the pilot injection which carries out fuel injection, and the injection pressure of 
the Maine injection which carries out fuel injection by the intensifier injection system (jerk injector) 
can be uniquely controlled by the pressure accumulator injection system (common rail injector), and 
the optimal injection pressure can be respectively set up by pilot injection and the Maine injection. 
[0048] 

The fuel injection equipment of invention concerning claim 5 is characterized by what a residual- 
pressure adjustment means to adjust the pressure in said cylinder to a predetermined pressure at the 
time of un-operating [ of said piston control valve ] was established for in the fuel injection 
equipment given in any 1 term of claim 1 thru/or claim 4. 
[0049] 

In a fuel injection equipment according to claim 5, the pressure in a cylinder is adjusted to a 
predetermined pressure by the residual-pressure adjustment means at the time of un-operating [ of a 
piston control valve ]. 
[0050] 

As "claim 2" mentioned above was explained, when the differential pressure (sheet section upstream 
and downstream) before and behind the valve-seat section of a piston control valve is large, it is easy 
to generate cavitation here. In this point and a fuel injection equipment according to claim 5, with a 
residual-pressure adjustment means Since the pressure in a cylinder is adjusted to a predetermined 
pressure at the time of un-operating [ of a piston control valve ] (since the inside of the cylinder by 
the side of the major-diameter piston of an intensifier is maintained by the predetermined pressure), 
Differential pressure (sheet section upstream and downstream) before and behind said sheet section 
can be made small, and generating of cavitation can be prevented even if it is immediately after 
operating the piston control valve concerned. For this reason, the member corrosion resulting from 
the cavitation generated in the valve-seat section can be prevented, and dependability and endurance 
improve sharply. 
[0051] 

The pressure accumulator which makes a predetermined pressure the fuel oil which the fuel injection 
equipment of invention concerning claim 6 is opened for free passage through the main oilway by 
the reserve well in a fuel injection nozzle, and is fed from a fuel booster pump, and is accumulated, 
The pressure latching valve which is prepared in the middle of said main oilway which opens said 
fuel injection nozzle and pressure accumulator for free passage, and intercepts the fuel pressure 
outflow from said fuel-injection-nozzle side to said pressure accumulator side, The oil sac for 
injection control which is open for free passage in the downstream from said pressure latching valve 
of said main oilway which opens said fuel injection nozzle and pressure accumulator for free 
passage, It is prepared in said oil sac for injection control, and the needle valve in said fuel injection 
nozzle is made to stop by making fuel oil pressure act on said oil sac for injection control. The 
injection control valve which said needle valve is opened [ control valve ] wide and makes fuel 
injection carry out by removing the fuel oil of said oil sac for injection control, The intensifier which 
is open for free passage to said oil sac for injection control in the downstream from said pressure 
latching valve of said main oilway which has a cylinder and a piston and opens said fuel injection 
nozzle and pressure accumulator for free passage, The piston of said intensifier is moved by [ which 
make the fuel from said pressure accumulator flow into said cylinder ] making the fuel in a twist or 
said cylinder flow out especially. It is characterized by what a residual-pressure adjustment means to 
adjust the pressure in said cylinder to a predetermined pressure in the fuel injection equipment 
equipped with the piston control valve which makes the fuel pressure of the downstream increase at 
the time of un-operating [ of said piston control valve ] rather than said pressure latching valve was 
established for. 
[0052] 

In a fuel injection equipment according to claim 6, like the fuel injection equipment according to 
claim 1 mentioned above, a pressure accumulator injection system (common rail injector) and an 
intensifier injection system (jerk injector) are constituted, the same operation as the fuel injection 
equipment according to claim 1 fundamentally mentioned above is accomplished, and the same 
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effectiveness is done so. 
[0053] 

Moreover [ especially ], in a fuel injection equipment according to claim 6, the pressure in a cylinder 
is adjusted to a predetermined pressure by the residual-pressure adjustment means at the time of un- 
operating [ of a piston control valve ]. 
[0054] 

As "claim 2" mentioned above was explained, when the differential pressure (sheet section upstream 
and downstream) before and behind the valve-seat section of a piston control valve is large, it is easy 
to generate cavitation here. In this point and a fuel injection equipment according to claim 6, with a 
residual-pressure adjustment means Since the pressure in a cylinder is adjusted to a predetermined 
pressure at the time of un-operating [ of a piston control valve ] (since the inside of the cylinder by 
the side of the major-diameter piston of an intensifier is maintained by the predetermined pressure), 
Differential pressure (sheet section upstream and downstream) before and behind said sheet section 
can be made small, and generating of cavitation can be prevented even if it is immediately after 
operating the piston control valve concerned. For this reason, the member corrosion resulting from 
the cavitation generated in the valve-seat section can be prevented, and dependability and endurance 
improve sharply. 
[0055] 

The fuel injection equipment of invention concerning claim 7 is characterized by having a re-supply 
means for supplying again the fuel discharged out of said cylinder with migration of said piston at 
the time of actuation of said piston control valve to said fuel booster pump in a fuel injection 
equipment given in any 1 term of claim 1 thru/or claim 6. 
[0056] 

In a fuel injection equipment according to claim 7, the fuel discharged out of a cylinder with 
migration of a piston is again supplied to a fuel booster pump by the re-supply means. For this 
reason, fuel pressure energy can be collected (reuse) and the effectiveness of an injection system can 
be raised. 
[0057] 

[Embodiment of the Invention] 
[The gestalt of the 1st operation] 

The whole fuel-injection-equipment 30 configuration concerning the gestalt of operation of the 1st of 

this invention is shown in drawing 1 . 

[0058] 

The fuel injection equipment 30 is equipped with the pressure accumulator (common rail) 32. The 
reserve well 62 in a fuel injection nozzle 34 is open for free passage through the main oilway 36, and 
this pressure accumulator 32 can accumulate the fuel oil fed from the fuel booster pump 38 by the 
predetermined pressure according to an engine speed or a load. Moreover, the pressure latching 
valve 40 is formed in the middle of the main oilway 36 which opens a fuel injection nozzle 34 and a 
pressure accumulator 32 for free passage. This pressure latching valve 40 intercepts the outflow of 
the fuel pressure from a fuel-injection-nozzle 34 side to a pressure accumulator 32 side. 
[0059] 

Furthermore, the oil sac 42 for injection control is opened for free passage and established in the 
downstream through the orifice 44 rather than the pressure latching valve 40 of the main oilway 36 
which opens a fuel injection nozzle 34 and a pressure accumulator 32 for free passage. The 
command piston 46 is held in this oil sac 42 for injection control, and the command piston 46 is in 
cooperation to the needle valve 48 in a fuel injection nozzle 34 further. Thereby, the fuel oil pressure 
in the oil sac 42 for injection control forces the needle valve 48 in a fuel injection nozzle 34, and it is 
acting so that it may sit down and hold to a nozzle sheet 50. 
[0060] 

Furthermore, the injection control valve 52 is formed in the oil sac 42 for injection control. By 
making fuel oil pressure usually act on the oil sac 42 for injection control, by removing the fuel oil in 
the oil sac 42 for injection control, this injection control valve 52 makes the needle valve 48 in a fuel 
injection nozzle 34 stop, and it opens a needle valve 48 wide, and like the above-mentioned, it is 
constituted so that fuel injection may be made to carry out. 
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[0061] 

Furthermore, rather than the pressure latching valve 40 of the main oilway 36 which opens a fuel 
injection nozzle 34 and a pressure accumulator 32 for free passage, an intensifier 54 is open for free 
passage to the oil sac 42 for injection control, and is arranged in it at the downstream. This intensifier 
54 has the cylinder 56 and the piston 58, and when a piston 58 moves, it has composition which the 
fuel oil from a pressure accumulator 32 is boosted further, and can be fed into the oil sac 42 for 
injection control, and a fuel injection nozzle 34. 
[0062] 

Moreover, the piston control valve 60 is formed in the intensifier 54. This piston control valve 60 is 
the configuration that it is prepared in the oilway 64 from the pressure accumulator 32 corresponding 
to the piston 58 by the side of the major diameter of an intensifier 54, a piston 58 can be moved by 
making the fuel oil fed from a pressure accumulator 32 through an oilway 64 flow into a cylinder 56, 
and the fuel pressure of the downstream can be made to increase rather than the pressure latching 
valve 40. 
[0063] 

In addition, the cylinder 56 (part corresponding to the piston 58 by the side of a major diameter) in 
which the piston control valve 60 was formed is wide opened to atmospheric air through the orifice 
59. 

[0064] 

Furthermore, as shown in a detail at drawing 2 , the projection 61 as a flow rate modification means 
is formed in a part for the point of the piston control valve 60. This projection 61 is the configuration 
that a substantial opening area of the fUel passage 57 to a cylinder 56 can be changed with migration 
of the piston control valve 60 (it is the configuration which carries out orifice control possessing a 
"fuel flow-passage-area adjustable function" by projection 61). Thereby, the inflow of the fuel oil 
which flows into a cylinder 56 by the piston control valve 60 can be controlled now. 
[0065] 

In addition, migration (lift) of the piston control valve 60 is realizable by performing position control 
using electromagnetic force or a PZT actuator, or a supermagnetostrictor. Furthermore, it will 
become still more effective, if position control is performed so that migration (lift) of the piston 
control valve 60 may be stopped on the way (in mid-position). 
[0066] 

Next, an operation of the gestalt of this operation is explained. 
[0067] 

In the fuel injection equipment 30 of the above-mentioned configuration, it has a pressure 
accumulator 32, the pressure latching valve 40, the oil sac 42 for injection control, the injection 
control valve 52, the intensifier 54, and the piston control valve 60. To an intensifier 54, the fuel oil 
(common rail pressure) from a pressure accumulator 32 is supplied, and it boosts this because a 
piston 58 moves. Moreover, to the fuel injection nozzle 34, a pressure accumulator injection system 
(common rail injector) is constituted by "a pressure accumulator 32, the pressure latching valve 40, 
the oil sac 42 for injection control, and the injection control valve 52", and it has this pressure 
accumulator injection system and the composition that the intensifier 54 has been arranged at 
juxtaposition here. If it puts in another way, an intensifier injection system (jerk injector) is 
constituted by "an intensifier 54, the piston control valve 60, the oil sac 42 for injection control, and 
the injection control valve 52" to a fuel injection nozzle 34. 
[0068] 
It is here, 

1) When a fuel is injected by the pressure accumulator injection system (common rail injector) 
Before injection initiation, the injectio.n control valve 52 is maintained to a closed state, and the 
pressure in the oil sac 42 for injection control is made equal to the pressure in a pressure accumulator 
32 (common rail pressure). Thereby, the needle valve 48 in a fuel injection nozzle 34 is forced on a 
nozzle sheet 50 through the command piston 58, and a needle valve 48 is held in the state of a 
closedown. 
[0069] 

In case fuel oil is injected, an intensifier 54 is made into a non-operative condition by making the 
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piston control valve 60 into a closed state, and the fuel oil from a pressure accumulator 32 is further 
fed through the pressure latching valve 40 by the reserve well 62 in a fuel injection nozzle 34. If the 
fuel oil of the oil sac 42 for injection control is removed by opening the injection control valve 52 at 
this time, the pressure which stops the needle valve 48 in a fuel injection nozzle 34 will decrease, 
and, on the other hand, as for the inside (reserve well 62) of a fuel injection nozzle 34, said common 
rail pressure will be maintained. Thereby, the needle valve 48 in a fuel injection nozzle 34 is opened 
wide, and the fuel oil from a pressure accumulator 32 is injected from a fuel injection nozzle 34 
directly (as it is). 
[0070] 

In case fuel injection is ended, the pressure of the oil sac 42 for injection control is made equal to 
common rail pressure by closing the injection control valve 52 again. It is again pushed in the 
direction of a closedown through the command piston 58, and the needle valve 48 in a fuel injection 
nozzle 34 sits down to a nozzle sheet 50, and is held by this, and fuel injection is completed. 
2) When a fuel is injected by the intensifier injection system (jerk injector) 

Before injection initiation, the injection control valve 52 is maintained in the clausilium condition, 
and the pressure in the oil sac 42 for injection control is made equal to the pressure in a pressure 
accumulator 32 (common rail pressure). Thereby, the needle valve 48 in a fuel injection nozzle 34 is 
forced on a nozzle sheet 50 through the command piston 58, and a needle valve 48 is held in the state 
of a closedown. 
[0071] 

In case fuel oil is injected, fuel oil is made to flow into an intensifier 54 (cylinder 56) by opening the 
piston control valve 60. Thereby, a piston 58 moves and it boosts fuel pressure. Then, the fuel oil 
pressurized by the intensifier 54 is fed by the reserve well 62 in a fuel injection nozzle 34, and the oil 
sac 42 for injection control. In addition, in this condition, the pressure latching valve 40 worked and 
the fuel oil which it boosted has prevented flowing into a pressure accumulator 32 side. Furthermore, 
when the fuel oil which it boosted reaches a predetermined pressure, the pressure which stops the 
needle valve 48 in a fuel injection nozzle 34 decreases by removing the fuel oil of the oil sac 42 for 
injection control by the injection control valve 52, and, on the other hand, the pressure of the fuel oil 
pressurized by said intensifier 54 is acting in a fuel injection nozzle 34 (reserve well 62). Thereby, 
the needle valve 48 in a fuel injection nozzle 34 is opened wide, and the fuel oil which it boosted 
with the intensifier 54 is injected from a fuel injection nozzle 34. 
[0072] 

In case fuel injection is ended, the pressure of the oil sac 42 for injection control is again made equal 
to the pressure in a fuel injection nozzle 34 (reserve well 62) by the injection control valve 52. It is 
pushed in the direction of a closedown, and the needle valve 48 in a fuel injection nozzle 34 sits 
down to a nozzle sheet 50, and is held by this, and fuel injection is completed. 
[0073] 

Furthermore, in preparation for the next injection, the piston control valve 60 of an intensifier 54 is 
closed, the fuel in an intensifier 54 (cylinder 56) is wide opened to atmospheric air through an orifice 
59, and a piston 58 is again moved to the original location. If down-stream fuel pressure turns into 
below common rail pressure from the pressure latching valve 40 in connection with this, the pressure 
latching valve 40 will open wide promptly, and it will become fuel pressure almost equal to common 
rail pressure. 
[0074] 

Thus, in the fuel injection equipment 30 concerning the gestalt of this operation, change control can 
be carried out and fuel injection of the high-pressure injection which sends the fuel oil which 
pressurized the fuel oil from a pressure accumulator 32 further with the intensifier 54 with the low 
voltage injection which sends to a fuel injection nozzle 34 as it is, and injects to a fuel injection 
nozzle 34, and injects can be carried out. Therefore, a fuel injection equipment 30 does the following 
effectiveness so fundamentally. 
[0075] 

**1 The fuel of the (common rail pressure) from a pressure accumulator 32 is supplied to an 
intensifier 54, and since this is boosted and injected, super-high injection pressure-ization (for 
example, maximum injection pressure 300MPa) sharply exceeding the injection pressure by the 
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conventional common rail injection system is realizable. Therefore, while being able to inject a fuel 
in a suitable fuel injection period at the time of a high engine speed and a heavy load and being able 
to attain improvement in the speed more, good combustion is attained and a high power engine can 
be realized by low emission. 
[0076] 

Moreover, it is possible to compensate reduction of the spraying accomplishment force by minor- 
diameter-izing of the diameter of nozzle hole of a fuel injection nozzle by extra-high voltage-ization 
of injection pressure, and by this, since the oxygen of a combustion chamber is effectively utilizable, 
also in a high rotational frequency, smoked discharge can realize few good combustion conditions. 
[0077] 

Furthermore, since it is not necessary to always accumulate a super-high injection pressure, as 
compared with the conventional common rail injection system which always accumulates 
predetermined high injection pressure, it is advantageous from the point of the reinforcement of an 
injection system, and low cost-ization can also be attained. 
[0078] 

**2 Since it is the structure where a fuel is supplied from a pressure accumulator 32 when the 
parallel arrangement of the intensifier 54 is carried out to the pressure accumulator injection system 
(common rail injector) and down-stream fuel pressure becomes below common rail pressure from 
the pressure latching valve 40, when carrying out after injection at the time of a high rotational 
frequency and a heavy load, a fuel is not injected with the low voltage below common rail pressure. 
The combustion facilitatory effect by the fuel by which the fuel itself by which after injection was 
carried out did not cause [ of a smoke ] generating, and after injection was carried out since after 
injection of the spraying of a good atomization condition was carried out by this carrying out 
disturbance of the burning space can be pulled out to the maximum extent. 
[0079] 

Moreover, since change control can be carried out and fuel injection of low voltage injection and the 
high-pressure injection can be carried out, the optimal injection pressure can be respectively set up 
by pilot injection, the Maine injection, and after injection. 
[0080] 

Furthermore, it is possible to inject combining injection with common rail pressure and the injection 
which operated the intensifier 54 free, and the degree of freedom of an injection pattern is large. 
[0081] 

**3 since it is the structure where a fuel is supplied from a pressure accumulator 32 when the parallel 
arrangement of the intensifier 54 is carried out to the pressure accumulator injection system 
(common rail injector) and down-stream fuel pressure becomes below common rail pressure from 
the pressure latching valve 40 and fuel pressure does not become below the vapor pressure of a fuel, 
there are no worries about the erosion of the oilway by cavitation generating, and endurance is 
markedly alike and improves. 
[0082] 

**4 Since the parallel arrangement of the intensifier 54 is carried out to the pressure accumulator 
injection system (common rail injector), where between a pressure accumulator 32 and intensifies 
54 is intercepted, even if an intensifier 54 breaks down, it can inject with common rail pressure. For 
this reason, an engine does not stop suddenly. 
[0083] 

moreover, in the fuel injection equipment 30 applied to the gestalt of operation of **** 1 here Since 
change control can be carried out and fuel injection of low voltage injection and the high-pressure 
injection can be carried out like the above-mentioned, Although the optimal injection pressure can be 
respectively set up by pilot injection, the Maine injection, and after injection, it is possible to inject 
moreover, combining injection with common rail pressure and the injection which operated the 
intensifier 54 free and fuel injection can be carried out by various injection patterns Furthermore, 
since the projection 61 as a flow rate modification means which can change the flow rate of the fuel 
which flows into a cylinder 56 by the piston control valve 60 is formed, By controlling the inflow of 
fuel oil by changing the area (substantial opening area of passage) of the fiiel passage 57 to a 
cylinder 56 (orifice control being carried out) It becomes possible to control the injection rate of the 
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fuel injected from a fuel injection nozzle 34, and fuel injection can be carried out by the injection 

pattern of arbitration. 

[0084] 

That is, if according to the fuel injection equipment 30 concerned it faces carrying out fuel injection 
and the piston control valve 60 is moved, according to the movement magnitude (the amount of lifts) 
of this piston control valve 60, a substantial opening area of the fuel passage 57 of a cylinder 56 will 
be changed by projection 61. If the opening area of the fuel passage 57 of a cylinder 56 is changed, 
the inflow of the fUel into a cylinder 56 will be changed, the passing speed (variation rate rate) of a 
piston 58 will be changed, and it will become possible to set the boost rate of the fuel sent to a fuel 
injection nozzle 34, i.e., the injection rate of the fuel injected from a fuel injection nozzle 34, as 
arbitration. Therefore, a fuel-injection pattern with a very high degree of freedom is realizable. 
[0085] 

For example, in boosting steeply the fuel of intensifier 54 lower stream of a river, the amount of lifts 
of the piston control valve 60 is enlarged, and it enlarges opening area of the fuel passage 57. By 
this, since the pressure in a cylinder 56 increases quickly, the displacement rate of a piston 58 
becomes quick and a steep pressure buildup can be obtained. On the other hand, in boosting gently 
the fuel of intensifier 54 lower stream of a river, the amount of lifts of the piston control valve 60 is 
made small, and it makes opening area of the fuel passage 57 small. By this, since the pressure in a 
cylinder 56 increases gently, the displacement rate of a piston 58 becomes slow and a loose pressure 
buildup can be obtained. 
[0086] 

As it follows, for example, is shown in drawing 3 (A) and drawing 3 (B), it can be set as the property 
which the R/C of the fuel pressure of intensifier 54 lower stream of a river increases with time 
amount. 
[0087] 

In case it will face carrying out fuel injection if it puts in another way, a needle valve 48 will be wide 
opened if the configuration of projection 61 etc. is set up according to the optimal injection rate (for 
example, injection rate of the optimal pilot injection according to an engine speed or loaded 
condition, or the Maine injection) of the fuel injected from a fuel injection nozzle 34, and fuel 
injection is carried out, fuel injection can be carried out with said optimal injection rate. And if the 
piston control valve 60 is considered as the configuration which performs position control (drive) 
using a PZT actuator or a supermagnetostrictor Since the lift rate of the piston control valve 60 can 
be changed free, or position control can be performed so that migration (lift) of the piston control 
valve 60 may be stopped on the way (in mid-position), It becomes possible to set the change rate of 
the opening area of the fuel passage 57 of a cylinder 56, i.e., the change rate of the inflow of the fuel 
into a cylinder 56, i.e., the boost rate of the fuel sent to a fuel injection nozzle 34, i.e., the injection 
rate of the fuel injected from a fuel injection nozzle 34, as arbitration. 
[0088] 

Like the fuel-injection pattern shown in drawing 4 , by this Pilot injection, When carrying out the 
Maine injection and multi-injection which performs after injection The rate of after [ boot fuel- 
injection-period termination ] pressure build-up (theta 1), the highest injection pressure attainment 
direct total-pressure force rate of increase (theta 2), The rate of a pressure drop at the time of the 
Maine injection termination (theta 3) etc. is freely controllable to become the optimal fuel-injection 
pattern according to an engine speed or loaded condition (it sets up, or changes and carries out). 
[0089] 

Namely, when an injection pressure inclines (especially the highest injection pressure attainment 
direct total-pressure force R/C (theta 2) of the fuel-injection pattern shown in drawing 4 mentioned 
above and the rate of pressure drawdown at the time of the Maine injection termination (theta 3)) and 
it changes this, it is decided [ a stationary and ] by balance of the fuel quantity sent out from a piston 
58, and the fuel quantity which blows off from a fuel injection nozzle 34 by improving an injection 
pressure whether to fall. The injection pressure is improved if [ than the fuel quantity from which the 
fuel quantity sent out from a piston 58 blows off] more. An injection pressure will become a 
stationary if the fuel quantity which blows off from a fuel injection nozzle 34 is the same as the 
amount sent out from a piston 58. If fewer than the fuel quantity from which the fuel quantity sent 
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out from a piston 58 blows off on the other hand, the injection pressure falls. 
[0090] 

Thus, in the opening area control performed by changing the area (substantial opening area of 
passage) of the fuel passage 57 to a cylinder 56 by the piston control valve 60 (projection 61), the 
rate of increase and the decreasing rate of an injection pressure can be changed directly, and the 
highest injection pressure changes in connection with the rate of increase of an injection pressure. 
[0091] 

Here, when carrying out multi-injection by the fuel-injection pattern shown in drawing 4 mentioned 
above, the method of setting up an injection rate by changing the area of the fuel passage 57 of a 
cylinder 56 by the piston control valve 60 is shown to drawing 5 thru/or drawing 7 by the rough 
diagram. In this case, the pattern with which drawing 5 changes the rate of an after [ boot fuel- 
injection-period termination ] pressure buildup (theta 1) is shown, the pattern with which drawing 6 
changes the highest injection pressure attainment direct total-pressure force R/C (theta 2) is shown, 
and the pattern with which drawing 7 changes the rate of pressure drawdown at the time of the 
Maine injection termination (theta 3) is shown. 
[0092] 

thus, in the fuel injection equipment 30 concerning the gestalt of operation of **** 1 By controlling 
the inflow of fuel oil by changing the area (substantial opening area of passage) of the fiiel passage 
57 to a cylinder 56 by the piston control valve 60 (the movement magnitude and the migration stage 
of the piston control valve 60 are adjusted) The injection rate of the fuel injected from a fuel 
injection nozzle 34 can be set as arbitration (the degree of freedom of the fiiel-injection pattern based 
on the injection rate of a fuel is expanded), (modification) 
[0093] 

Moreover, especially, with this fuel injection equipment 30, since it is the configuration of changing 
the area of the fuel passage 57 of a cylinder 56 by the piston control valve 60, changing the inflow of 
the fuel into a cylinder 56, and changing the passing speed (variation rate rate) of a piston 58, even 
when the highest injection pressure is low, the rate of injection pressure build-up can be set up highly 
temporarily. 
[0094] 

Furthermore, although "the Maine injection" was indicated in the above explanation, it is changing 
and controlling the fuel flow passage area of a cylinder 56 by the piston control valve 60 similarly 
about "after injection", and control of the rate of increase of an injection pressure and a decreasing 
rate and control of a pressure are possible. 
[0095] 

In addition, there are usually very few amounts of after injection [ in this case / the amount of the 
Maine injection ]. For example, the injection quantity per time may call it one to 2 cubic millimeter. 
In that case, since the lift of the needle valve 48 of a fuel injection nozzle 34 calls it a sheet choke 
period, distinction of whether have changed the rate of increase of an injection pressure and a 
decreasing rate clearly is difficult. However, it is possible to control the pressure of after injection 
also by the case of such minimum injection quantity by said opening area control. It is exactly that 
control of the rate of increase of this, i.e., an injection pressure, or a decreasing rate has 
accomplished, moreover, the amount of after injection has 5% or more of Maine injection quantity — 
if it becomes, generally it will be called split injection in this case. Control of the rate of increase of 
an injection pressure, a decreasing rate, and the highest injection pressure is possible by said opening 
area control like the time of the Maine injection also to the case of this split injection. 
[0096] 

Thus, according to the fuel injection equipment 30 concerning the gestalt of operation of **** 1, the 
injection rate of the fuel injected from a fiiel injection nozzle 34 can be set as arbitration by 
controlling the inflow of fuel oil by changing the opening area of the fuel passage 57 to a cylinder 56 
by the piston control valve 60 (the degree of freedom of the fiiel-injection pattern based on the 
injection rate of a fuel is expanded), (modification) 
[0097] 

Thereby, according to this fiiel injection equipment 30, the following effectiveness is done so. 

**1 Generally, in diesel combustion, as shown in drawing 8 (A), after fuel injection is started, it has 
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some time amount (ignition-delay period) by ignition. In the case of the rectangle injection rate 
according [ a fuel-injection pattern ] to a pressure accumulator injection system (common rail 
injector), since a lot of fuels which a lot of fuels during said ignition-delay period were injected, and 
were injected during this ignition-delay period burn at once, the increment in NOx and the noise will 
be caused. 
[0098] 

On the other hand, with this fuel injection equipment 30, if fuel injection is carried out by the fuel- 
injection pattern which controlled the initial injection rate as shown in drawing 8 (B), it can consider 
as the good combustion with low NOx and noise. 

**2 On an engine's full load conditions, fuel injection timing and the injection quantity are restricted 
by the maximum cylinder internal pressure, in order to secure an engine's reinforcement. Here, as 
shown in drawing 9 (A), in the case of the rectangle injection rate according [ a fuel-injection 
pattern ] to a pressure accumulator injection system (common rail injector), there are many early 
amounts of combustion, and they cannot advance fuel injection timing to it. 
[0099] 

On the other hand, since the fuel-injection pattern which controlled the initial injection rate, then fuel 
injection timing can be advanced and a lot of fuels can be injected with this fuel injection equipment 
30 as shown in drawing 9 (B), high torque can be acquired. And NOx and the noise can also be 
reduced at this time. 

**3 When the usual pressure accumulator injection system (common rail injector) performs multi- 
injection, each injections (pilot injection, the Maine injection, after injection, postinjection, etc.) of 
all are performed by the same pressure. However, there is the optimal pressure for each injection in 
fact. In the fuel injection by this fuel-injection approach, since each injection can be performed as it 
is the the best for each when performing multi-injection, an exhaust air property improves and the 
noise decreases. 
[0100] 

For example, if the pressure of pilot injection is too high, problems, such as an increment in unburnt 
[ by wall surface adhesion of a fuel / HC ] and oil dilution, will be produced. Moreover, there is a 
problem of ** that the controllability at the time of slight amount injection is bad, pilot combustion 
is intense at the time of contiguity pilot injection, and the noise-reduction effectiveness is not fully 
acquired. On the contrary, if the pressure of pilot injection is too low, reduction of the noise- 
reduction effectiveness by aggravation of atomization and the increment in a smoke will pose a 
problem. 
[0101] 

On the other hand, in this fuel injection equipment 30, since the pressure of pilot injection can be 
independently set up uniquely with the Maine injection, the effectiveness of pilot injection improves. 

[0102] 

Moreover, generally, as a valve format of a "piston control valve", as shown in drawing 10 (A) or 
drawing 10 R> 0 (B), the raised- face format is known and the effective passage cross sectional area 
is prescribed by the valve-seat section here. That is, the control valve of the raised- face format 
concerned is the configuration (the so-called sheet aspect product control) of adjusting the cross 
sectional area in the valve-seat section by controlling the amount of lifts of a bulb (movement 
magnitude). 
[0103] 

on the other hand, in the fuel injection equipment 30 concerning the gestalt of operation of **** 1 
The cross sectional area in the valve-seat section like the above-mentioned is adjusted (sheet aspect 
product control), the projection 61 which changes the area of the fuel passage 57 with migration of 
the piston control valve 60 — that is Projection 61 is formed in the piston control valve 60 which 
attends the fuel passage 57 (orifice). It is the configuration (the so-called orifice control) of having 
provided the "fuel flow-passage-area adjustable function" to change the area of the fuel passage 57 
by the location of projection 61 being changed according to the movement magnitude (the amount of 
lifts) of this piston control valve 60. 
[0104] 
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therefore, in the thing (sheet aspect product control) of a general configuration of adjusting the cross 
sectional area in the valve- seat section like the above-mentioned With the fuel injection equipment 
30 concerning the gestalt of operation of **** 1, the cross sectional area in the valve-seat section to 
changing to a linear to the amount of lifts of a bulb (movement magnitude) By setting up various 
configurations of the above "projection 61" suitably, change of the area of the fuel passage 57 to the 
movement magnitude (the amount of lifts) of the piston control valve 60 can be set up free. This is 
enabled to set the injection rate of the fuel injected from a fuel injection nozzle 34 as arbitration, and 
a fuel-injection pattern with a very high degree of freedom can be realized. 
[0105] 

For this reason, the following characteristic outstanding effectiveness is done so in the fuel injection 
equipment 30 concerning the gestalt of operation of **** 1. 

1) Improvement in injection pressure setting precision 

In the thing (sheet aspect product control) of a general configuration of adjusting the cross sectional 
area in the valve-seat section like the above-mentioned As Line B shows to drawing 1 1 , it is the 
configuration that the cross sectional area in the valve-seat section changes to a linear to the amount 
of lifts of a bulb (movement magnitude). The setting precision of the amount of lifts of a bulb will 
call it the setting precision of the cross sectional area in the valve-seat section (it depends for the 
setting precision of the cross sectional area in the valve-seat section on the setting precision of the 
amount of lifts of a bulb uniquely). 
[0106] 

By simulation, in case these people do fuel injection by the intensifier injection system (jerk 
injector), here In injecting with injection pressure slightly higher than the fuel pressure (the working 
pressure of an intensifier 54, i.e., common rail pressure) which flows into the cylinder 56 of an 
intensifier 54 by the piston control valve 60 The way which made fuel inflow to the cylinder 56 of an 
intensifier 54 fewer than the inflow by disconnection of the bulb of said general configuration 
acquired the knowledge that the setting precision of injection pressure could be raised, then, as in 
such a case it is alike and Line A shows at drawing 1 1 By considering relation of the area of the fuel 
passage 57 to the movement magnitude (the amount of lifts) of the piston control valve 60 as the 
configuration whose change of the area of the fuel passage 57 decreases as the time of small 
movement magnitude (at the time of the amount of small lifts) Gap of the fuel flow passage area to 
the gap X from the setting desired value of the movement magnitude (the amount of lifts) of the 
piston control valve 60 can be made small (to the amount Z of gaps of the bulb of a general 
configuration, in the gestalt of this operation, it is the amount Y of gaps, and is Y<Z). If it puts in 
another way, the width of face of the desired value of the movement magnitude (the amount of lifts) 
of the piston control valve 60 will spread to a fuel flow passage area to obtain, namely, even if the 
movement magnitude (the amount of lifts) of the piston control valve 60 has shifted from setting 
desired value somewhat, the effect to a fuel flow passage area will become small. Therefore, the 
setting precision of injection pressure (fuel flow passage area of the piston control valve 60) can be 
raised. 

2) Improvement in the endurance of the valve-seat section 

In the thing (sheet aspect product control) of a general configuration of adjusting the cross sectional 
area in the valve-seat section, as mentioned above, the valve-seat section (the opening) becomes the 
minimum flow passage area. Here, in the thing of such a configuration, the bulb concerned of the 
pressure of the sheet section upstream is the working pressure (namely, common rail pressure) at the 
time (at the time [ A bulb the sheet section ] of taking a seat) of un-operating, and the sheet section 
downstream (piston major-diameter side of an intensifier) is atmospheric pressure. When the bulb 
concerned is operated from this condition and a fuel is made to flow into the piston major-diameter 
side (primary chamber of a cylinder) of an intensifier, it is the largest immediately after the 
differential pressure (sheet section upstream and downstream) before and behind the sheet section 
operated the bulb concerned (namely, "working pressure-atmospheric pressure"). Thus, when said 
differential pressure is large, it is easy to generate cavitation. Since it generates in the valve-seat 
section, the part concerned will corrode and this cavitation will cause a poor sheet. A such poor sheet 
is the serious and fatal problem which spoils the boost function of equipment. 
[0107] 
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On the other hand, the configuration of the "projection 61" of the piston control valve 60 is set up 
appropriately, and when there is little movement magnitude (the amount of lifts) of the piston control 
valve 60, it can constitute from a fuel injection equipment 30 concerning the gestalt of operation of 
**** 1 so that the area of the fuel passage 57 may become still smaller than the opening area (said 
minimum flow passage area) of the valve-seat section (fuel passage 57). Therefore, differential 
pressure (sheet section upstream and downstream) before and behind said sheet section can be made 
small by this, and generating of cavitation can be prevented even if it is immediately after operating 
the piston control valve 60 concerned. For this reason, the member corrosion resulting from the 
cavitation generated in the valve-seat section can be prevented, and dependability and endurance 
improve sharply. 
[0108] 

Here, the example of a setting of the relation between the movement magnitude (the amount of lifts) 
of the piston control valve 60 and the fuel flow passage area by projection 61 is shown to drawing 12 
(A) and drawing 12 (B). In each drawing, Line B is the thing of a general configuration of adjusting 
the cross sectional area in the valve- seat section. Moreover, the area of the fuel passage 57 shows the 
example of a setting which changes smoothly to the line A of drawing 12 (A) with migration (lift) of 
the piston control valve 60, and when the movement magnitude (the amount of lifts) of the piston 
control valve 60 is small, the example of a setting which gave the field to which the area of the fuel 
passage 57 is kept constant in a certain range is shown in the line C of drawing 12 (B). The area of 
the fuel passage 57 in early stages of [ migration ] the piston control valve 60 which cavitation tends 
to generate by considering as such a configuration It can prevent becoming the same as the opening 
area (said minimum flow passage area) of the valve-seat section (being able to constitute so that it 
may become still smaller). By this Even if it is immediately after operating the piston control valve 
60 concerned, generating of cavitation can be prevented, the member corrosion resulting from the 
cavitation generated in the valve-seat section can be prevented, and dependability and endurance 
improve sharply. 

3) Reduction of cylinder 56 volume by the side of the major-diameter piston 58 of an intensifier 54 
(miniaturization) 

In the fuel injection equipment 30 concerning the gestalt of operation of**** 1, since it is the 
configuration of having formed the projection 61 in the piston control valve 60 as the fuel passage 57 
(orifice) is attended, cylinder 56 volume by the side of the major-diameter piston 58 of an intensifier 
54 (volume formed in the major-diameter piston 58 upper part in drawing 2 ) can be reduced 
(miniaturization). 
[0109] 

If cylinder 56 volume by the side of the major-diameter piston 58 of an intensifier 54 is large when 
there is little movement magnitude (the amount of lifts) of the piston control valve 60 and it 
constitutes so that the area of the fuel passage 57 may become very small as indicated above "2 
Improvement in the endurance of the valve-seat section", the pressure buildup in the cylinder 56 
volume concerned may become slow too much. Since the cylinder 56 volume concerned can be 
reduced by the projection 61 prepared in this point and the piston control valve 60, even if it sets up 
the area of the fiiel passage 57 quite small for the cavitation prevention in the valve-seat section, the 
suitable pressure buildup in the cylinder 56 volume concerned can be obtained. 

4) Reduction of NOx and the noise, and a high increase in power 

Although the fuel pressure rise hysteresis of the intensifier 54 to an engine's crank angle can be set as 
arbitration with the fuel injection equipment 30 concerning the gestalt of operation of**** 1 by 
setting up suitably the relation between the movement magnitude (the amount of lifts) of the piston 
control valve 60, and the fuel flow passage area by projection 61 as mentioned above By 
furthermore, the thing for which the phase contrast of actuation of the piston control valve 60 and the 
injection control valve 52 is controlled (the timing which the stage and the injection control valve 52 
which operate the piston control valve 60 are operated, and starts injection is controlled) While being 
able to reduce NOx and the noise, a high increase in power can be attained. 
[0110] 

Namely, the control bulb of a general configuration of that the relation of "piston 58 location of the 
crank angle-intensifier 54" adjusts a cross sectional area as shown in drawing 13 (A), In the piston 
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control valve 60 which starts the gestalt of operation of **** 1 by both the piston control valves 60 
concerning the gestalt of operation of **** 1 as Line A shows to drawing 13 (B), even if the same 
The configuration of "projection 61" can be set as the property which the opening area of the fuel 
passage 57 increases gently to a crank angle by setting up appropriately. For this reason, as Line A 
shows to drawing 13 (C), it can be set as the property which the fuel pressure rise hysteresis of the 
intensifier 54 to an engine's crank angle increases gently. 
[0111] 

By controlling the timing which the stage and the injection control valve 52 which operate the piston 
control valve 60 like the above-mentioned are operated here, and starts injection, if the injection 
control valve 52 is operated to timing Tl for example, at the time of a low speed, as Line A shows to 
drawing 13 (D), an initial injection rate is reduced, fuel injection can be carried out and NOx and the 
noise can be reduced. Moreover, for example, if the injection control valve 52 is operated to timing 
T2 at the time of a high speed and a heavy load, as Line A shows to drawing 13 (E), injection by the 
excessive fuel injection period can be controlled, and a high increase in power can be attained. 
[0112] 

In addition, in drawing 13 , the broken line has shown the property of the control bulb of a general 

configuration of adjusting a cross sectional area. 

[0113] 

As explained above, in the fuel injection equipment 30 concerning the gestalt of operation of **** 1 , 
while being able to inject a fuel with sharply high super-high injection pressure compared with the 
former, the highest injection pressure is not uniquely determined by the fuel pressure of a pressure 
accumulator 32, good combustion and an exhaust air property can be realized, and, moreover, it 
becomes possible to perform fuel injection by the fuel-injection pattern of arbitration (the degree of 
freedom of the fuel-injection pattern based on the injection rate of a fuel is expanded). 
[0114] 

Next, the gestalt of other operations of this invention is explained. In addition, the same sign as the 
gestalt of said 1st operation is fundamentally given to the same components with the gestalt of said 
1st operation, and the explanation is omitted. 
[The gestalt of the 2nd operation] 

The configuration for the principal part of the fuel injection equipment 70 concerning the gestalt of 

operation of the 2nd of this invention is shown in drawing 14 . 

[0H5] 

In the fuel injection equipment 70, the projection 72 as a flow rate modification means is formed in a 
part for the point of the piston control valve 60. This projection 72 is made into the configuration 
with two steps of stages, and it is the configuration that a substantial opening area of the fuel passage 

57 of a cylinder 56 can be changed with migration of the piston control valve 60. Thereby, the inflow 
of the fuel oil which flows into a cylinder 56 by the piston control valve 60 can be controlled now. 
[0116] 

In this fuel injection equipment 70, as shown in drawing 15 (A) and drawing 15 (B), it can be set as 
the property which the R/C of the fuel pressure of intensifier 54 lower stream of a river increases 
with time amount. Therefore, it becomes possible to set the injection rate of the fuel injected from a 
fuel injection nozzle 34 as arbitration like the fuel injection equipment 30 concerning the gestalt of 
the 1st operation mentioned above, and the same effectiveness as the fuel injection equipment 30 
concerning the gestalt of the 1st operation is done so. 
[The gestalt of the 3rd operation] 

The whole fuel-injection-equipment 80 configuration concerning the gestalt of operation of the 3rd 

of this invention is shown in drawing 16 . 

[0117] 

It is the configuration that it is prepared about the piston control valve 60 corresponding to the piston 

58 by the side of the minor diameter of an intensifier 54, a piston 58 can be moved by making the 
fuel oil in a cylinder 56 flow out in a fuel injection equipment 80, and the fuel pressure of the 
downstream can be made to increase rather than the pressure latching valve 40. 

[0118] 

Namely, it sets in the gestalt of the 1st mentioned above and the 2nd operation. Although considered 
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as the configuration which sets the injection rate of the fuel injected from a fuel injection nozzle 34 
by controlling the inflow of fuel oil by changing a substantial opening area of the fuel passage 57 to 
a cylinder 56 about the piston control valve 60 as arbitration (modification) In the fuel injection 
equipment 80 concerning the gestalt of the 3rd operation It constitutes so that the flow from the 
cylinder 56 of fuel oil may be controlled by changing the opening area of the fuel passage (outflow 
way) of a cylinder 56 about the piston control valve 60. By this It has the composition that the 
injection rate of the fuel injected from a fuel injection nozzle 34 can be set as arbitration 
(modification). 
[0119] 

Even if it is this case, said 1st [ the ] and the same various fuel-injection patterns as the gestalt of the 
2nd operation can be set up, and same operation and effectiveness are done so. 
[The gestalt of the 4th operation] 

The configuration for the principal part of the fuel injection equipment 90 concerning the gestalt of 

operation of the 4th of this invention is shown in drawing 17 . 

[0120] 

In the fuel injection equipment 90, the fixed orifice 92 and the movable orifice 94 as a flow rate 
modification means are prepared about the piston control valve 60. This fixed orifice 92 is open for 
free passage to the oil sac 63 of the piston control valve 60. Moreover, the movable orifice 94 
overlaps the periphery of a fixed orifice 92, is opened for free passage and prepared in it, and has the 
composition that moreover a polymerization degree with a fixed orifice 92 is changed by moving. 
Furthermore, it connects with the engine centrifugal spark advancer 96 as a migration means, the 
movable orifice 94 makes the oil pressure of the square of an engine speed act, and it is constituted 
so that the movable orifice 94 may be moved. 
[0121] 

In this fuel injection equipment 90, it faces carrying out fuel injection and the movable orifice 94 on 
which the oil pressure of the square of an engine speed acted with the engine centrifugal spark 
advancer 96 is moved. Thereby, the polymerization degree of the movable orifice 94 and a fixed 
orifice 92 is changed, and a substantial opening area of the orifice concerned is changed. 
[0122] 

In this case, as shown in drawing 18 (A) and drawing 18 (B), the movement magnitude of the 
movable orifice 94 is proportional to a square, the oil pressure, i.e., the engine speed, which acts in 
general. Therefore, the polymerization degree of the movable orifice 94 and a fixed orifice 92 
becomes large, and the effective flow passage area of the fuel oil which flows into the oil sac 63 of 
the piston control valve 60 becomes large, so that an engine speed is high. It becomes possible to 
change the fuel pressure (the R/C) which flows into a cylinder 56, and to change the passing speed of 
a piston 58 by the piston control valve 60, by this. 
[0123] 

In this case, the relation of the effective opening area of the passage concerned to an engine speed 
can be set up free by setting up suitably the configurations of the movable orifice 94 and a fixed 
orifice 92 (for example, a rectangle, circular, a trapezoid, etc.), or changing that number. 
[0124] 

If the configuration of a fixed orifice 92 and the movable orifice 94, the passing speed of the 
movable orifice 94 by engine centrifugal-spark-advancer 96 grade, etc. are set up according to the 
injection rate with the fuel optimal if it puts in another way injected from a fuel injection nozzle 34 
(for example, injection rate of the optimal pilot injection according to an engine speed or loaded 
condition, or the Maine injection), in case a needle valve 48 is opened wide and fuel injection is 
carried out, fuel injection can be carried out with said optimal injection rate. Therefore, a fuel- 
injection pattern with a very high degree of freedom is realizable. 
[0125] 

Thus, also in a fuel injection equipment 90, it becomes possible to set the injection rate of the fuel 
injected from a fuel injection nozzle 34 as arbitration like the fuel injection equipment 30 concerning 
the gestalt of the 1st operation mentioned above, and the same effectiveness as the fuel injection 
equipment 30 concerning the gestalt of the 1st operation is done so. 
[0126] 
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In addition, although the above-mentioned explanation showed the configuration which performs 
control of the movable orifice 94 by the oil pressure force using the engine centrifugal spark 
advancer 96, it is good also as a configuration directly controlled by the PZT actuator, 
electromagnetic force, or oil pressure, without using the engine centrifugal spark advancer 96. 
[The gestalt of the 5th operation] 

The whole fuel-injection-equipment 100 configuration concerning the gestalt of operation of the 5th 

of this invention is shown in drawing 19 . 

[0127] 

In the fuel injection equipment 100, the pressure governor 102 as a flow rate modification means is 
formed in the oilway 64 from the pressure accumulator 32 with which the piston control valve 60 is 
formed. 
[0128] 

In this fuel injection equipment 100, it faces carrying out fuel injection and the inflow pressure of the 
fuel to a cylinder 56 is changed by the pressure governor 102. Thereby, the passing speed of a piston 
58 is changed and it becomes possible to set the injection rate of the fuel injected from a fuel 
injection nozzle 34 as arbitration. Therefore, a fuel-injection pattern with a very high degree of 
freedom is realizable. 
[0129] 

Thus, also in a fuel injection equipment 100, it becomes possible to set the injection rate of the fuel 
injected from a fuel injection nozzle 34 as arbitration like the fuel injection equipment 30 concerning 
the gestalt of the 1st operation mentioned above, and the same effectiveness as the fuel injection 
equipment 30 concerning the gestalt of the 1st operation is done so. 
[0130] 

In addition, like the above-mentioned, it cannot restrict for considering as the configuration which 
forms a pressure governor 102 in an oilway 64 from a pressure accumulator 32, and changes the 
inflow pressure of the fuel to a cylinder 56, but the pressure governor 102 concerned can be formed 
corresponding to the piston 58 by the side of the minor diameter of an intensifier 54 (preparing in a 
fuel outflow way from a cylinder 56), and it can also consider as the configuration which changes the 
outflow pressure of the fuel oil which flows out of the inside of a cylinder 56. 
[The gestalt of the 6th operation] 

The whole fuel-injection-equipment 1 10 configuration concerning the gestalt of operation of the 6th 

of this invention is shown in drawing 20 . 

[0131] 

In this fuel injection equipment 110, the residual-pressure regulator valve 1 12 as a residual-pressure 
adjustment means is formed in the cylinder 56 of the intensifier 54 with which the piston control 
valve 60 is formed. It connects with the cylinder 56 by the side of the major-diameter piston 58 of an 
intensifier 54 through the orifice 1 14, and this residual-pressure regulator valve 1 12 can adjust the 
pressure in a cylinder 56 (major-diameter piston 58 side) to a predetermined pressure at the time of 
un-operating [ of the piston control valve 60 ]. 
[0132] 

If the differential pressure (sheet section upstream and downstream) before and behind the valve-seat 
section of the piston control valve 60 is large as mentioned above, it will be easy to generate 
cavitation immediately after operating the piston control valve 60 concerned. 
[0133] 

In this point and a fuel injection equipment 1 10, by the residual-pressure regulator valve 112, since 
the pressure in the cylinder 56 by the side of the major-diameter piston 58 of an intensifier 54 can be 
maintained to place constant pressure, without making it fall to atmospheric pressure, the member 
corrosion resulting from the cavitation generated in the valve-seat section of the piston control valve 
60 can be prevented (since a residual pressure is secured), and dependability and endurance improve 
sharply. 
[0134] 

In addition, although the residual-pressure regulator valve 112 was considered as the configuration 
(configuration which has arranged the residual-pressure regulator valve 1 12 to the downstream of an 
orifice 1 14) connected to the cylinder 56 through the orifice 1 14 in the fuel injection equipment 1 10 
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concerning the gestalt of operation of ****** 6, it is good for the upstream of not only this but the 
orifice 114 also as a configuration which has arranged the residual-pressure regulator valve 112. 
[0135] 

Moreover, also as the configuration which united not only this but the residual-pressure regulator 
valve 112 with the piston control valve 60, i.e., a configuration of a cross valve format with the 
function as a residual-pressure regulator valve for the piston control valve 60, although the residual- 
pressure regulator valve 112 was considered as the configuration which prepares independently in 
the piston control valve 60 with the fuel injection equipment 110 concerning the gestalt of operation 
of**** 6 while considering the piston control valve 60 as the configuration of a two-way- valve 
format, it is good. 
[The gestalt of the 7th operation] 

The whole fuel-injection-equipment 120 configuration concerning the gestalt of operation of the 7th 

of this invention is shown in drawing 2 1 . 

[0136] 

Fundamentally, although this fuel injection equipment 120 is the same configuration as the fuel 
injection equipment 80 ( drawing 16 ) concerning the gestalt of the 3rd operation mentioned above, it 
has the composition that the orifice 122 and the residual-pressure regulator valve 124 were formed 
between the cylinder 56 of an intensifier 54, and the piston control valve 60. Thereby, the piston 
control valve 60 can adjust the pressure in a cylinder 56 to a predetermined pressure by the residual- 
pressure regulator valve 124 at the time of un-operating [ of the piston control valve 60 ] while it can 
move a piston 58 and can make the fuel pressure of the downstream increase rather than the pressure 
latching valve 40 by making the fuel oil in a cylinder 56 flow out. 
[0137] 

In this fuel injection equipment 120, by the residual-pressure regulator valve 124, since the pressure 
in the cylinder 56 of an intensifier 54 can be maintained to place constant pressure, without making it 
fall to atmospheric pressure, the member corrosion resulting from cavitation can be prevented (since 
a residual pressure is secured), and dependability and endurance improve sharply. 
[0138] 

In addition, although considered as the configuration (configuration which has arranged the residual- 
pressure regulator valve 124 to the upstream of the piston control valve 60) which formed the 
residual-pressure regulator valve 124 between the cylinder 56 of an intensifier 54, and the piston 
control valve 60 in the fuel injection equipment 120 concerning the gestalt of operation of ****** 7 9 
it is good for the downstream of not only this but the piston control valve 60 also as a configuration 
which has arranged the residual-pressure regulator valve 124. 
[0139] 

Moreover, although the residual-pressure regulator valve 124 was considered as the configuration 
(configuration which has arranged the residual-pressure regulator valve 124 to the downstream of an 
orifice 122) connected to the cylinder 56 through the orifice 122 in the fuel injection equipment 120 
concerning the gestalt of operation of ****** 7 5 it is good for the upstream of not only this but the 
orifice 122 also as a configuration which has arranged the residual-pressure regulator valve 124. 
[0140] 

Furthermore, also as the configuration which united not only this but the residual-pressure regulator 
valve 124 with the piston control valve 60, i.e., a configuration of a cross valve format with the 
function as a residual-pressure regulator valve for the piston control valve 60, although the residual- 
pressure regulator valve 124 was considered as the configuration which prepares independently in 
the piston control valve 60 with the fuel injection equipment 120 concerning the gestalt of operation 
of **** 7 while considering the piston control valve 60 as the configuration of a two-way- valve 
format, it is good. 
[The gestalt of the 8th operation] 

The whole fuel-injection-equipment 130 configuration concerning the gestalt of operation of the 8th 

of this invention is shown in drawing 22 . 

[0141] 

In this fuel injection equipment 130, it has the re-supply means for supplying again the fuel 
discharged out of a cylinder 56 with closing the piston control valve 60 in preparation for the next 
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fuel injection, and moving the piston 58 of an intensifier 54 to the original location again to the fuel 

booster pump 38. 

[0142] 

That is, while arranging the medium- voltage common rail 132 in the lower stream of a river of the 
fuel booster pump 38, it has the composition of having connected the medium-voltage supply pump 
136 and feed pump 138 from a tank 134 to this medium- voltage common rail 132. Moreover, the 
pressure regulating valve 140 is formed in the medium- voltage common rail 132. Furthermore, the 
residual-pressure regulator valve 142 connected to the cylinder 56 of an intensifier 54 through the 
orifice 143 has composition connected to the medium-voltage common rail 132. Thereby, the fuel 
discharged through the residual-pressure regulator valve 142 is returned to the medium- voltage 
common rail 132. 
[0143] 

In this fuel injection equipment 130, since atmospheric-air disconnection of the high-pressure fuel 
discharged from the cylinder 56 of an intensifier 54 is not carried out, but it is returned to the 
medium- voltage common rail 132 through the residual-pressure regulator valve 142 and the fuel 
booster pump 38 is supplied again, fuel pressure energy can be collected (reuse) and the 
effectiveness of an injection system can be raised. 
[0144] 

In addition, although the pressure of the medium- voltage common rail 132 is maintainable to place 
constant pressure by preparing the valve of the mechanical configuration like a pressure regulating 
valve 140 in the medium-voltage common rail 132 For example, if it constitutes so that it can carry 
out adjustable [ of the pressure of the medium- voltage common rail 132 ] appropriately to a pressure 
accumulator (common rail) 32 by carrying out electric control The residual pressure in the cylinder 
56 of an intensifier 54 can be adjusted the optimal, and the effectiveness of an injection system can 
be raised further further. 
[0145] 

Moreover, although the pulsation between the medium-voltage common rails 132 can be effectively 
attenuated in the cylinder 56 of an intensifier 54 by having formed the residual-pressure regulator 
valve 142 in the fuel injection equipment 130 concerning the gestalt of the 8th operation, it is also 
possible to, omit and constitute the residual-pressure regulator valve 142 on the other hand. 
[0146] 

furthermore, **** illustrating the residual-pressure regulator valve 142 - it may consider as the 
control valve which can operate not only in the thing of a mechanical configuration, but electrically, 
and you may constitute so that the pressure in the cylinder 56 of an intensifier 54 (or differential 
pressure between the inside of a cylinder 56 and the medium- voltage common rail 132) may be 
controlled. The pressure in the cylinder 56 of an intensifier 54 can be controlled by such 
configuration that controls a residual pressure electrically according to the pressure of a pressure 
accumulator (common rail) 32, and the effectiveness of an injection system can be raised further 
further with it. 
[0147] 

Furthermore, in the example shown in drawing 22 , although it has indicated that the residual- 
pressure regulator valve 142 is arranged for every injector of an engine, it is good also as a 
configuration which piping (duct) from the cylinder 56 of not only this but the intensifier 54 for 
every injector is gathered, and arranges the single residual-pressure regulator valve 142 there. By 
this, components mark can be reduced and reduction of cost can be aimed at. 
[0148] 

Furthermore, although the piston control valve 60 and the residual-pressure regulator valve 142 
considered as the configuration prepared corresponding to the piston 58 by the side of the major 
diameter of an intensifier 54 in the fuel injection equipment 130 concerning the gestalt of the 8th 
operation mentioned above Like the fuel injection equipment 120 concerning the gestalt of the 7th 
operation which shows not only this but the piston control valve 60 concerned and the residual- 
pressure regulator valve 142 to drawing 21 While moving a piston 58 by preparing corresponding to 
the piston 58 by the side of the minor diameter of an intensifier 54, and making the fuel oil in a 
cylinder 56 flow out, it is good also as a configuration which returns the high-pressure fuel 
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discharged from a cylinder 56 to the medium- voltage common rail 132. 
[The gestalt of the 9th operation] 

The whole fuel- injection-equipment 150 configuration concerning the gestalt of operation of the 9th 

of this invention is shown in drawing 23 . 

[0149] 

Although this fuel injection equipment 150 is the same configuration as the fuel injection equipment 
130 concerning the gestalt of the 8th operation fundamentally mentioned above, it is the 
configuration of having connected to the pressure accumulator (common rail) 32 the supply pump 
152 connected to said feed pump 138 as it was. 
[0150] 

That is, the supply pump 152 is a configuration which pressurizes a high-pressure fuel and supplies 
the low voltage fuel from a tank 134 (feed pump 138) to a pressure accumulator (common rail) 32 as 
it is through the medium-voltage common rail 132. 

[0151] ^ _ m 

Also in this fuel injection equipment 150, the same operation and effectiveness as the fuel injection 
equipment 130 concerning the gestalt of the 8th operation mentioned above are done so. 
[0152] 

in addition, "the gestalt of the 1st operation" mentioned above — or - "-- the - in gestalt" of the 9th 
operation, although the piston control valve 60 was explained as a configuration of a two-way- valve 
format, it is good also not only considering this but the piston control valve 60 concerned as a 
configuration of a cross valve format. 
[0153] 

[Effect of the Invention] 

The fuel injection equipment applied to this invention as explained above While being able to inject 
a fuel with sharply high super-high injection pressure compared with the former, the highest 
injection pressure is not uniquely determined by the fuel pressure of a pressure accumulator. Good 
combustion, An exhaust air property can be realized and it has the outstanding effectiveness of 
moreover becoming possible to perform fuel injection by the fuel-injection pattern of arbitration (the 
degree of freedom of the fuel-injection pattern based on the injection pressure and the injection rate 
of a fuel being expanded). 
[Brief Description of the Drawings] 

[Drawing 1] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 1 st of this invention. 

[Drawing 2] It is the block diagram for the principal part of the fuel injection equipment concerning 
the gestalt of operation of the 1st of this invention. 

[Drawing 3] (A) is the diagram showing the movement magnitude of a piston control valve and the 
correspondence relation of a flow passage area to the fuel injection equipment concerning the gestalt 
of operation of the 1st of this invention, and (B) is the diagram showing the correspondence relation 
between the time amount from the intensifier actuation initiation in the fuel injection equipment 
concerning the gestalt of operation of the 1st of this invention, and fuel pressure. 
[Drawing 4] It is the diagram showing the example of representation of the fuel-injection pattern of 
the arbitration which can be carried out with the fuel injection equipment concerning the gestalt of 
operation of the 1 st of this invention. 

[Drawing 5] It is the rough diagram showing an example of an approach which sets up an injection 
rate by changing a fuel flow passage area with the fuel injection equipment concerning the gestalt of 
operation of the 1st of this invention. 

[Drawing 6] It is the rough diagram showing an example of an approach which sets up an injection 
rate by changing a fuel flow passage area with the fuel injection equipment concerning the gestalt of 
operation of the 1st of this invention. 

[Drawing 7] It is the rough diagram showing an example of an approach which sets up an injection 
rate by changing a fuel flow passage area with the fuel injection equipment concerning the gestalt of 
operation of the 1 st of this invention. 

[Drawing 8] It is the diagram showing the effectiveness to the exhaust air and the combustion noise 
made with the fuel injection equipment concerning the gestalt of operation of the 1st of this 
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invention as compared with the former. 

[Drawing 9] It is the diagram showing the effectiveness to the output produced with the fuel 
injection equipment concerning the gestalt of operation of the 1st of this invention as compared with 
the former. 

[Drawing 10] It is the sectional view showing the configuration of the piston control valve of a 
general raised-face format. 

[Drawing 11] It is the diagram showing the movement magnitude of a piston control valve and the 

correspondence relation of an effective flow passage area to the fuel injection equipment concerning 

the gestalt of operation of the 1st of this invention as compared with the former. 

[Drawing 12] It is the diagram showing the example of a setting of an effective flow passage area the 

movement magnitude of a piston control valve, and correspondence-related in the fuel injection 

equipment concerning the gestalt of operation of the 1st of this invention as compared with the 

former. 

[Drawing 13] It is a diagram for explaining the point which does the further effectiveness so by 
controlling the phase contrast of actuation of a piston control valve and an injection control valve in 
the fuel injection equipment concerning the gestalt of operation of the 1st of this invention. 
[Drawing 14] It is the block diagram for the principal part of the fuel injection equipment concerning 
the gestalt of operation of the 2nd of this invention. 

[Drawing 15] (A) is the diagram showing the movement magnitude of a piston control valve and the 
correspondence relation of a flow passage area to the fuel injection equipment concerning the gestalt 
of operation of the 2nd of this invention, and (B) is the diagram showing the correspondence relation 
of the movement magnitude and fuel pressure of a piston control valve to the fuel injection 
equipment concerning the gestalt of operation of the 2nd of this invention. 
[Drawing 16] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 3rd of this invention. 

[Drawing 17] It is the block diagram for the principal part of the fuel injection equipment concerning 
the gestalt of operation of the 4th of this invention. 

[Drawing 18] (A) is the diagram showing the correspondence relation between an engine speed and a 
centrifugal- spark- advancer pressure in the fuel injection equipment concerning the gestalt of 
operation of the 4th of this invention, and (B) is the diagram showing the correspondence relation 
between an engine speed and an effective flow passage area in the fuel injection equipment 
concerning the gestalt of operation of the 4th of this invention. 

[Drawing 19] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 5 th of this invention. 

[Drawing 20] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 6th of this invention. 

[Drawing 21] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 7th of this invention. 

[Drawing 22] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 8th of this invention. 

[Drawing 23] It is the whole fuel-injection-equipment block diagram concerning the gestalt of 
operation of the 9th of this invention. 

[Drawing 24] It is the diagram showing the change condition of the pressure of the intensifier 
downstream when fuel injection is carried out by the fuel-injection approach in the conventional fuel 
injection equipment. 

[Drawing 25] It is a diagram corresponding to the drawing 2424 (B) showing the change condition of 

the desirable pressure of the intensifier downstream when fuel injection is carried out. 

[Description of Notations] 

30 Fuel Injection Equipment 

32 Pressure Accumulator 

34 Fuel Injection Nozzle 

36 The Main Oilway 

38 Fuel Booster Pump 

40 Pressure Latching Valve 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/9/2005 



JP,2004-044493,A [DETAILED DESCRIPTION] 



Page 26 of 26 



42 Oil Sac for Injection Control 

46 Command Piston 

48 Needle Valve 

52 Injection Control Valve 

54 Intensifier 

56 Cylinder 

57 Fuel Passage 

58 Piston 

60 Piston Control Valve 

61 Projection (Flow Rate Modification Means) 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



38 




[Drawing 2] 



http ://www4 . ipdl.ncipi . go jp/cgi-bin/tran_web_cgi_ejj e 



12/9/2005 



JP,2004-044493,A [DRAWINGS] 



Page 2 of 12 



,60 



56 s 



59 



54- 



58- 



61 



57 



[Drawing 3] 




— mnm 

H 



(8) 




[Drawing 4] 



2J 




[Drawing 5] 



http://www4ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



12/9/2005 



JP,2004-044493,A [DRAWINGS] 



Page 3 of 12 



7\& 



ft 



H 





(0) 



[Drawing 6] 



(a) 



(£2»<£HB) 





(0) 




0 2$H'<*-> 



[Drawing 7] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



12/9/2005 



JP,2004-044493,A [DRAWINGS] 



Page 4 of 12 



(A) 

s 



H 




(C) _§ 



(0) 



0 3aSE/<*-> 



[Drawing 8] 

CA) 



assess 




(B) 



[Drawing 9] 

(A) 

•_r~L 





fDrawing 10] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



12/9/2005 



JP,2004-044493,A [DRAWINGS] 



Page 5 of 12 




CA) 



CB) 



[Drawing 11] 




[Drawing 12 ] 




CA) 




(B) 



[Drawing 13] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



12/9/2005 



JP,2004-044493,A [DRAWINGS] 



Page 6 of 12 




[Drawing 14] 

70 



w 56-^, 












i ^ 

58^ 


, — I 

72 


II 







[Drawing 15] 



http://www4ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



12/9/2005 



JP,2004-044493,A [DRAWINGS] 



(A) 




H 




[Drawing 16] 

38 




[Drawing 17] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP>2004-044493,A [DRAWINGS] 



Page 8 of 12 



96 




[Drawing 18] 

15 J <*-EEfl«@«to&Z3ll 




[Drawing 19] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/9/2005 



, JP£004-044493,A [DRAWINGS] 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



^£004-044493^ [DRAWINGS] 



Page 10 of 12 



[Drawing 211 

38 




[Drawing 22] 

130 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



12/9/2005 



., . Jiy004-044493,A [DRAWINGS] 



Page 1 1 of 12 



[Drawing 23] 



150 



/ 



wo. B H 3* 



-32 



138 ^ 



132 
142 




[Drawing 24] 




(A) 




(B) 



[Drawing 25] 

ht1p://www4ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 12/9/2005 



JP,2004-044493,A [DRAWINGS] 



Page 12 of 12 



is 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/9/2005 



